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compensation be leverage money supplied by CCTI) and wiH_ » ™ an<J coon , inate the experimental 

o& W *>*fr^ 

experimental design and -fJ^^J^S^ h organic synthesis (solution and solid phase) with some 
TBA, M.S. Research AmhM "» «J ^JJJ ^ instrumentation and purification methods. 

^^SDurden, M.D.. Ph.D. will serve as a consultant with an emphasis on bioassays, interpretation of + 
results, biochemical pathways,and expert on human m .„ serve B a consultant and will 

Research Institution: r<vllwestieator wiU contribute 10% of his time in the experimental design of the 
the experimental results. conducting biochemistry and medium-throughput bioassays, 
>MTTN1 IRQ ON NFXT PAGE) . 

~ Resources 

, — ZHZZ*. mw. rMsarch to be performed by »» applicant sma« 

r acaniES- Spedty S tadlWes to be used he * e coodvxt 5 tt» P^^'g^^ffo? e*U«ty tor the conduct of each 
^^L^J « coflatxxatoo must be In tocflato mat ara ^^ST^^Sy. a^a^otavaaabi^tojh. 
SKtOTSw-- project.) inacate «h* «^^;£Xe£S S «x>c*m end ^ *~^*~» 

bVa^awVlo the protect. Use conanuatJon page(«) W necestary. 

Rese arch tnstitunon; . . f M tn^i-n, 1^3 than a 2 hour drive from 

^fcare devoted to research. Major shared instrumentatron and ^ lt ^ ^« for te 

San.acy.mComb-^orialChemic^ 

biological screening THere « also \^S£S^SS^ ™ ludes a Packard 5530 ^ 
Professor Green's (co-invest.gator) research hMH» • d ^ definable counting 
(2gmm) automatic gamma counting system ^£^^Sptaee^l2R radionuclide dose 

+ 

^rmniirnnMWF.XTPAOE) yn — 

M/uon u* ^ ^ e<^ «™ ^ ^» Mass Spectroscopy 

fteSSrch Iostitution: KMR (multinuclear Vai-nVXR-SOO. ^ B ™* e ',*^ spray ^ Lc/MS/MS); Beckman 
£iAT L95 HRMS, Finnigan 4000 for EI/CI. and ™ e 7«"^ Chemical Biology 

rnNTiNllED ON NF.XT PAGE) . " " + 
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BUDGET JUSTinCATION (Continuation Page) 

PERSONNEUCONTINUED): 
Research Institute (continued): 

Carta Mathias, B.A., Project Coordinator, will serve, by benefit of extensive 
radiopharmaceutical laboratory experience, as coordinator and participant in the design and 
implementation of the proposed radiochemistry studies. 

V. Jo Davissori,"Ph.D., Consultant, will contribute his expertise and guidance (at no cost 
to project and leveraged funds from Purdue) as co-director of Purdue's Combinatorial Chemical 
Biology Center to set-up and run medium-throughput biochemical assays at the Center. Dr. 
Davisson, Professor, Dept of Medicinal Chemistry and Molecular Pharmacology, Purdue 
University has many years experience in the field of biochemistry and will be responsible for 
integrating this proposed work into the Combinatorial Chemical Biology Center's capabilities. 

RESOURCES (CONTINUED): 
FACILITIES (CONTINUED): 

Research Institute (continued): , 
detector and Canberra gamma detector system; BAS 100 A electrochemical analyzer, Bnntanan 
variable-speed ultracentrifuge; Harvard Apparatus infusionAwithdrawal syringe pump Model 22; 
Gilson automatic fraction collector and peristaltic pump; and E-C Apparatus low voltage 
electrophoresis power supply. ,^~r. n . . 

Applicant Organization:. As a start-up company ComChem Technologies (CCTl), located in 
the Indianapolis area is a short (<2 hour) drive to the Research Institute collaborator facility. 
CCTI will have in place at its facility standard synthesis equipment but more importantly will 
have equipment for combinatorial chemical synthesis (solution and solid-phase), both protocol 
development and library production tools (parallel reaction equipment, automated LCMS, 
software, liquid handler, etc.). 

MAJOR EQUIPMENT (CONTINUED): 

Applicant Organization: As a start-up company ComChem Technologies will have in place the 
following major equipment: 300 MHz multinuclear spectrometer, a high througput HPLC 
coupled with mass detector (Gilson Nebula Series), liquid handler, Argonaut Quest 210 parallel 
reactor , automated purification system, Iron miniKan library synthesis equipment cluster, 
vacuum concentrator, Infrared spectrophotomer. 
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Principal Investigator: Garlich, Joseph R. 
President and Chief Scientific Officer 
ComChem Technologies Inc. 



Education 

Tnyj itme and !/>c 

University of Missouri, Columbia, MO 
University of Missouri, Columbia, MO 
University of Missouri, Columbia, MO 
University of Honda, Gainesville, FL 
ggasssjonal Experience 



BA 
BA 
Ph.D. 
(Post-Doc) 



Find of Study 



1974.78 Chemistry 

1974-78 Biology 

1978-82 Organic Chemistry 

1982-84 Medicinal Chemistry 



ZssSsSSteBSLEmnS^ mn AOM Scientist of ComChem Technologies, Inc. 

,9,7-2000 Rc^Sciennat, Combinatorial ^Chemistry-Uac! Generarion, 
DowAeroSciehcesvIndianapohs, IN. 

1984-1987 Seoiot Research Chemist, Organic Process iccseaicn r 
Chemical Company, Fceepon, TX. 

and Semi-synthetic Spinosyn Denvative, J Agr F ^ hem -; T Lars0 n,LL.,GanichJ, 
S.H., Watson, G.B.. Zuckermarm, R.N., "The APPtodon^ or <L chemistry, in press. 

^aemianyS^^ 

inSp.eM yd oma%Jc^o^^^^ 
a™plin.R,Dtao(K^os,M.,Ba,oufcJ.,hbc^^'^ Mochebte Foe Scfccnv. 



Principal Investigator: Garlich, Joseph R 

presented by Dr. Champlin at the International Society of Experimental Hematology, 

RotterdanvSeptember 1993 , 
Ghiron 1. Volkert,WA,GarUchJR.,T)etem^arionofUsiontoNormalBoneUptake 

Trios of Skeletal Radiopharmaceuticals by QARG", Nuclear Medicine and Biology, Volume 18, pp. 



Parks N I kawakami, T.G., Homoff, W., Fisher, P., Garlich, J.R, Simon, J., and Champlin, R, 

^Bone* Marrow Transplantation in Dogs After Radioablarion with a Ho-166 Ammo Phosphomc 

Acid Bone-Seeking Agent (DGTMP) ".Blood, Volume 82, pp 318-325 1993. 
rarfich 1R " i«Ho-DOFMPrA*kw Agent For Bone Marrow Ablation Presented at the 

Fortieth Annual Meetingof the Society of Nuclear Medicine, June f 1, 1993, Toronto, Canada. 
r*rlich 1R -aeinbttyofNovdMacrocyclicAmkophosphomcAadaidatcsoflCirei^ 

SonucUdesTd Their In-Vivo Biodistribution". Presented at the Fortieth Annual Meeting of the 

Society of Nuclear Medicine, June 8. 1993, Toronto, Canada. 
ISSUED UNITED STATES PATENTS: 
1 Bone Marrow Suppressing Agents 4,882,142 (11/21/89) 

2. Method For Purifying Aminomethylenephosphonic Acids for Pharmaceutical Use. 4,937,333 
(6/26/90) 

3. Bone Marrow Suppressing Agents. 4,976,950 (12/11/90) ,, Q59 4 „ 

4. Macrocyclic Aminophosphonic Acid Complexes For the Treatment of Calcific Tumors. 5,059,412 

M^c^ySc Aminophosphonic Acid Complexes, Their Formulations and Use. 5,064,633 

b SioUbekd Metal-Binding Protein for the Treatment of Arthritis. 5>^,956 (7/28/92) 
7 Oral Compositions for Suppressing Mouth Odors. 5,286,479 (2/15/94) - Wft „ Q 

8. Organic Amine Phosphonic Acid Complexes for the Treatment of Calafic Tumors. 5,300,279 

9. pt^tlltimicrobial Compositions in Oral Care Products. 5 W89, (4/5/94) 

10. Method of Treating and/or Diagnosing Soft Tissue Tumors. W°8'606 (S'3/94) 
1 1 Oral Compositions for Inhibiting Calculus Formation. 5,318,772 ( 7 

12. Oral Compositions for Inhibiting Plaque Formation. 5,320,829 (6/14 /94) 

13. Complexes Possessing Ortho Ugating Functionality. 5 ,342 604 (8/30/94) 

14. Radioactive Compositions for Soft Tissue Tumors. 5,342,925 (8/30/94) n/l&/9S\ 

15. Macrocyclic Conjugates and Their Use as Diagnostic and Therapeudc Agents. 5,435,990 (7/25/95) 

16. Macrocyclic Ligands and Complexes. 5,652,361 (7/29/97) 

17. Con^exes PoSessing Ortho Ligating Functionality and Complexes Thereof. 5,696,239 (12/9/97) 

18. Conjugates Possessing Ortho Iigating Functionality. 5,714,631 c 7V>294 

19. Bicyclopolyazainaaocyclophosphonic Acid Complexes for use as Contrast Agents. 5,739,294 

20 Blc^opolyazamacrocydophosphonic Add Half Esters. 5,750,660 (5/12/98) 
21.' M^dic Tetraazacydododecane Conjugates and Their Use as Diagnostic and Therapeutic 

Agents. 5,756,065 (5/26/98) 
22 Frozen Radiopharmaceutical Formulations. 5,762,907 (6/9/98) 
PUBLISHED PENDING FOREIGN PATENT APPUCATIONS: 

1. Caibonyl-Containing Degradable Chelants, Uses, and Compositions Thereof (EP-522547-AZ, 

2. T^dDelivery of Growth Factors for Bone Regeneration (PCT Int. AppL WO 94/00145, 

3. B^d^ Adds, Their ^^T^^tm?^ "* 
Contrast Agents, and Processes for their Preparation (WO 94/26754. 11/24/94). 



5. 

6. 
7. 
8. 

9. 



Principal tnygstjgatorrPfogfam Director (Last first, m tttfe* Garlich, Joseph R, 



NAME 



BIOGRAPHICAL SKETCH 
POSITION TITLE 



Mark A. Green 



Professor of Medicinal Chemistry 



EDU CATION (B egin with b accalaureate or other initial / 
INSTITUTION AND LOCATION 



ts sional education.. Include postdoctoral tramin 
YEAR 



DEGREE 



CONFERRED 



FIELD OF STUDY 



Rose-Hulman Institute of Technology, Terre Haute, Indiana 
Indiana University, Bloomington, Indiana 
Washington University, St Lou is, Missouri 



B.S. 
Ph.D. 
Postdoctoral 



1978 
1982 
1982-85 



Chemistry 
Inorganic Chemistry 
Radiopharmaceutical Chem. 



J^SET^ 00 NOT EXCEED TWO PAGES. 

Professional Positions: 

9/78-8/82 Associate Instnictor and Research Associate, Department of Chemistry, Indiana University, Bloomington, IN. 

Research advisor: Professor Kenneth G. Caulton. 
8/82-6/85 Postdoctoral Research Associate with Professor Michael J. Welch, Department of Radiology, Washington 

University School of Medicine, SL Louis, Missouri. 
7/85-7/87 Assistant Professor, Department of Radiology, University of Minnesota Medical School, Minneapolis, 

Minnesota. Joint appointment, College of Pharmacy, Department of Medicinal Chemistry. 
7/87-6/90 Assistant Professor of Nuclear Pharmacy, Department of Medicinal Chemistry and Pharmacognosy, School of 

Pharmacy and Pharmacal Sciences, Purdue University, West Lafayette, Indiana. 
3/90-present Adjunct Faculty Appointment, Department of Radiology, Indiana University School of Medicine, Indianapolis. 

Indiana. 

7/90-6/94 Associate Professor of Medicinal Chemistry, Division of Nuclear Pharmacy, Department of Medicinal 
Chemistry and Pharmacognosy, School of Pharmacy and Pharmacal Sciences, Purdue University, West 
Lafayette, Indiana. 

7/94-present Professor of Medicinal Chemistry, Division of Nuclear Pharmacy, Department of Medicinal Chemistry and 
Molecular Pharmacology, School of Pharmacy and Pharmacal Sciences. Purdue University, West Ufayette, 
Indiana. 

Awards and Other Professional Activities: 

Twelfth Tetalman Memorial Award, The Society of Nuclear Medicine, 1992 

N1H Research Career Development Award, from the National Heart, Lung, and Blood Institute, 8/86-7/91; Tau Beta Pi, 1977 
American Chemical Society, 1977-preseot; Society of Nuclear Medicine, 1983-present; Sigma ^J?*^^ 
International Society of Cerebral Blood Flow and Metabolism, 1991-present; Institute for Clinical PET, 1991-present 
American Association for Cancer Research, 1997-present. Society for Nuclear Imaging in Drug Development, 2000-present. 

Most Recent Publications Relevaot To This Proposal (from a total of 92): 

"Synthesis of Compound Libraries Based on 3,4-Diaminocyclopemanol Scaffolds," / Comb. Chem,, 2:297-300; 2000. Y. Guan, 

MA Green, and D.E. Bergstrom. 
-Novel gallium(n0 complexes transported by MDR1 P-grycoprotein: potential PET imaging agents for probing P-glycoprotein- 

mediated transport activity in vrvo," Chemistry end Biology, 7:335-343; 2000. V. Sharma, A Beatty, S.P. Wey, L. Bass. C.L. 

Crankshaw, M.A. Green. MJ. Welch, and D. Piwnica- Worms. 
-Synthesis of [*^c]-Tc-DTPA-Folate and Its Evaluation as a Folate-Receptor-Targeted Radiopharmaceutical," Bioconjugote 

Chemistry 11:253-257; 2000. CJ. Mathias, D. Hubers, P.S. Low, and MA. Green. 
-A Kit Formulation for Preparation of l'»In]ln-DTPA-Folate. a Folate-Receptor-Targeted Radiopharmaceutical," Nucl. Med 

Biol., 25:585-587; 1998. CJ. Mathias and MA. Green. , 
-Receptor-Mediated Targeting of «Ga-Deferoxamine-Folate to Folate-Receptor-Positive Human KB Tumor Xenografts, *uci. 

Med. Biol. 26:23-25; 1999. CJ. Mathias, S. Wang, P.S. Low, D.J. Waters, and M.A. Green. 
"Evaluation of "»ln-DTPA-Folate as a Potential Folate-Receptor-Targeted Radiopharmaceutical, J. Nud. Med., 39.1 5/* iw, 
1998. CJ. Mathias. S. Wang, DJ. Waters, J J. Turek, P.S. Low, and M.A. Green. 
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NAME 

Carla J. Mathias 



BIOGRAPHICAL SKETCH 

POSITION TITLE 

Project Coordinator 

T ^u^teorotherinitia! pJessionfl ««* «snureng. andinciuto 




tdodoraltramir, 
FIELD OF STUDY 

Zoology ACherftistry 



7/78-6/86 
7/86-6/89 
7/89-6/90 
1/91 - 8/94 
7/94 - 6795 



ppTirATiON (Begin with 

INSTITUTION AND LOCATION 

DePauw University, Greencastle, Indiana 

"S££i^SrWO«i*OFESS»NAi EXPERIENCE 

Professional Positions: 

„ m , m R ^hTechridan..Hernost*istu>dT^^^ 

Reiarch Technician, Nuclear Medicine Research, with M. J. wacn, rny. 
"^W^nOniv^r, School °f MedteteS.Uuja.M.^oun^ 
ResearU Assistant, Division of Radiation Sciences, *tth M. J. Welch, Ph D., Washington 
University School of Medicine, St. Louis, Mtssoun. Washington 
ReseLh Associate, Division of Radiation Sciences, m<h M. J. Welch, PhD., Waslungton 

Awards and Other Professional Activities: 

Missouri Valley Chapter-Society of Nuclear Medicine, Young Investigator Award, Runner-up, 1979- 

198l;Young Investigator Award 1982 Advanced Studies Institute, Greece, 6/87 

National Science Foundation, Travel Award, to N.A.T.O. J^^^^Ldta paper in the application 
Society of Nuclear Medicine, Berson-Yalow Award amual J^*™^ 1990. 
of radioisotope techniques in receptor or immunoassay), Co-awaroee in ooin 

Relevant Publications (selected f rWrcJ-Tc-DTPA-Fotate and its Evaluation as a f obte- 

Nud Med. 37:1003-1008; 1996. 
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Martin J. O'Doonell, Biographical Sketch 
November, 2000 

^..rational Training: 

T964-1968 iTs. in Chemistry, University of Iowa. 
1968-1973 Ph.D. in Organic Cherofatry, Yale University. 
1973-1975 Postdoctoral, University Catholique de Louvain, Belgium. 
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RESEARCH PLAN 

A SPECIFIC AIMS 

The proposed research has the following specific aims: 

1 ) Develop and communicate new solid-phase synthetic methodology for macrocyclic chelating agents. 
MILESTONE: successful library production (>1000 members) , at least 2 publications. 

2) Preparation of aJB } integrin antagonists based around conformationally restricted chelating agents 
complexed with therapeutic radioactive metal ions. MILESTONE: in vivo tumor uptake (>4% injected dose per 
gram at 2 hour) and retention of radiolabeled constructs in the tumor vasculature (>2.% Injected dose per gram at 

24 hours) , • 

3) Design and construct multivalent a»Bi integrin receptor binding molecules possessing superior 
retention at the target site (tumor neovasculature). MILESTONE: successful synthesis of multivalent construct 
having 10X higher in vitro binding affinity and 2X in vitro tumor localization when compared to univalent 
versions. 

This proposal represents an opportunity for experts in several disciplines (chelating agents, vascular biology, 
combinatorial chemistry, nuclear medicine, medicinal chemistry) to come together to capitalize on tumor 
vasculature targeting strategies to selectively deliver therapeutic radioisotopes to c^B, integrin-postitive tumors. 
This is to be accomplished using a novel and genreral approach mimicking antibody-type interaction via spatial 
arrangements of recognition units using conformationally restricted metal-ligand complexes as scaffolds. 

B SIGNIFICANCE 

Background aod Exbting Knowledge 

Cancer research has been increasingly focused on tumor vasculature as a potential target for new therapies. 
Agents such as angiostatin and endostatin have been discovered which can potentially prevent the formation of 
new blood vessels (angiogenesis) and thus prevent further growth of solid tumors u . 

More recently another approach has been described which seeks to take advantage of the differences 
between normal tissue vasculature and the new vasculature (neovasculature) supporting tumors for the purposes 
of selectively targeting of drags to tumors. These differences in vasculture have been noted in the physiology* of 
rumors as well as more recently at the molecular genetic level 4 of endothelium tissue. Monoclonal antibodies 
(Mabs) that recognize tumor vasculature specific antigens have been labeled with the alpha-emitter isotope Bi 
and found to extend the life-span of tumor laden mice 5 . However, monoclonal antibodies as delivery agents in 
humans have significant hurdles in becoming therapeutic delivery agents'. In particular, Mabs, proteins and large 
polypeptides suffer from many problems as in vivo agents and, in fact, Bristol-Myers Squibb gave up work on 
angiostatin only last year in favor of developing small molecules that would m imic the effects of the large 

proteins 7 . ._ 
Tremendous advances have been made in finding small molecules such as peptides that will target specitic 
receptors in vrw. For example Erkii Rusolahti and Renata Pasqualini of the Cancer Research Center at Bumham 
Institute, La Jolla, Calif., have used phage display peptide libraries to find low molecular weight peptides 
containing the RDG (Arg-Gly-Asp) sequence that attach selectively to endothelial cells in the vasculature of 
tumors 40-80 times higher than to endothelial cells in other tissues*. The tumor associated receptors for these 
peptides appear to be the OvBj integrins which are receptors for vascular growth factors'. The Ovfr receptor is 
widely reported to be highly expressed on many tumor cells (osteosarcomas, neuoroblastomas, glioblastomas, 
melanomas, and carcinomas-lung, breast, prostate, and bladder) 23 . The number of receptors per cell, an 
important consideration in targeting therapies where quantities of drug delivered are important, has been 
estimated to be up to 125,000 per expressing endothelial cell 15 . However, it should be noted that while Ovpj 
integrin is selectively expressed in angiogenic blood vessels versus normal endothelial cells there are other sites 
in vivo that also express this receptor under normal conditions (notably osteoclasts"). The RGD-containing 
peptide sequences isolated by Rusolahti, possesing high binding selectivity for the Ovfc integrin receptor have 
been tagged with anticancer drugs such as doxorubicin' " and shown to enhance the efficacy of the drug against 
human breast cancer xenografts in nude mice versus the unmodified doxorubicin control. This was the first 
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example of using the selective localization of a low molecular weight ligand binding to tumor vasculature- 
associated Ovpj integrin to deliver a therapeutic anticancer drug. 

The use of the peptide approach to bind with Ovpj integrin receptors exploiting radionuclides as the 
toxiohore targeting the neovasculature of tumors, has been proposed* 1 but only limited work has been 
3. s hed ,wo ! The most detailed study examined several radioiodinated cyclic RDG peptides which were 
modeled after the previously optimized cycl<K-Arg-Gly-Asp-D-Phe-Val-) pentapeptide system For this cyclo- 
nentaoeptide series they found that a hydrophobic amino acid in position 4 (D-Phe substitution) increases the 
n^otor affinity whereas the position 5 (valine substitution) had little influence on the affinity. This seres of - 
cvclo-pentapeptides (including the iodinated tyrosine replacement for D-Phe analog called P2) were shown to be 
nanomolar inhibitors of the vitronectin receptor a,?, integrin. Moreover, they were selective for the Ovfc 
inteerin receptor over the 0*15, receptor which is a glycoprotein involved in platelet aggregation, to order to 
avoid side effects that would be anticipated by affecting the platelet aggregation process it is critical that the 
affinity for the widespread o^P, integrin receptor is very minimal. Thus, all studies on o^P, integnn binding 
need to include a comparison binding study with ctubP, integrin to evaluate this important parameter. The 
biodistribution data of the analog radioiodinated Ovpa integrin binding peptide P2 is shown in the Table 1 below. 
Good initial localization in the tumors is noted but very quick clearance over a short 4 hour time period occurs . 
The blood component clears even more quickly resulting in increasing tumor/blood ratios from 10 minutes to 
one hour time but essentially remaining constant through the four hour time period. The thyroid accumulates 
considerable isotope which is probably due to in vivo deiodination. Lastly, there is significant liver I™]**™ 
earlv on diminishing over time consistent with hepatobiliary clearance of the peptide. The loss of activity from 
the tumor site is not discussed by the authors but could be due to the lack of internalization of the antagonist at 
the receptor site. These results indicate that from a therapeutic standpoint there remains some optimization to be 
performed on this cyclo-pentapeptide system. 

Table 1. Evaluation of radioiodinated tyrosine-containing cyclo-pentapeptide P2 



1 ' * -■ 

Tissue 


Melanoma M21 


Osteosarcoma 




Mamm: 
Carcinc 


uy 
ma 






10 min 


60 min 


240 
min 


10 min 


60 min 


240 
min 


10 
min 


60 
min 


240 
min 


Tumor 


2.07 


1.30 


0.41 


3.50 


1.46 


0.92 


1.84 


0.74 


0.72 


Blood 


0.77 


0.17 


0.06 


1.72 


0.17 


0.12 


0.73 


0.10 


0.09 


Muscle 


0.42 


0.25 


0.10 


0.94 


0.36 


0.24 


0.48 


0.16 


0.14 


Liver 


21.96 


11.23 


0.78 


19.06 


4.22 


2.18 


25 


12 


1.33 


Thyroid 


2.21 


3.45 


0.3 


3.49 


15.61 


30.02 


5.40 


1.88 


4.90 


Tumor/Blood Ratio 


2.7 


7.7 


6.8 


2.0 


8.6 


7.7 


2.5 


7.4 


8.0 



Habner and coworkers nave extenaea we use ui uu» v/vuw f^"^^k*^ v » -* ~ ; _ 

presentations, by attaching the radioisotopes F-18, ,M Re, *Y and Tc to closely related derivatives of 
ccRCDfV) wherein the V (valine) has been replace by K (lysine) covalently modified on the eps.lon-am.no 
Soup 0 - 14 to contain a moiety capable of binding the radioisotope. The published data showed a similar 
pattern of diminished absolute amount of isotope located at the tumor over time after initial uptake but 
accompanied by increasing tumor-to-blood ratios. This is the same pattern noted in Table 1 indicating that die 
loss of tumor associated activity over time is not due to the inherent biological clearance problems associated 
with iodinated biomolecules but must be due to a pharmacokinetic process. . 

The appeal of employing a radionuclide in this approach, targeting neovascularture of tumors, is thai .no 
drug has to liberated to perform the therapy and the radiation could be effective in either destroying *e tumor- 
supplying blood vessels or directly destroying the tumor cells themselves since the s»te f * e | neo i vasc "!^ 
localization is in such intimate proximity to the tumor cells in small metastatic lesions. Ideally, the radiation 
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selectively localized to the neovasculature of metastatic tumors could work via both of these mechanisms if the 
proper radioisotope is utilized. For example, the penetration distance for the maximum energy particle ($) 
emitted for n3 Sm+3 is estimated at only 3.4 mm versus 8.6 mm for ,66 Ho43. Thus, the choice of isotope should 
be matched to the phamacokinetics of the delivery agent as well as the size of tumor being treated. The potential 
value of just targeting the destruction of the neovasculature alone should not be underestimated as it has been 
estimated 11 that 100 tumor cells die for each destroyed endothelial cell in tumor blood vessels illustrating a 
possible amplification of the therapeutic localization of radioisotopes in tumor neovasculature. 

One drawback or disadvantage to using radioiodinated peptides such as the. vascular targeting agents 
described above in Table 1 to selectively target tumors is their susceptibility to natural levels of peptidases and 
proteases which leads to extremely fast clearance rates from the bloodstream. While this may sometimes be 
useful for imaging purposes to yield a better target-to-nontarget ratio it is unacceptable in a therapeutic approach 
as it lowers the absolute amount of drag reaching the target". Additional problems exist with radioiodinated 
peptides as opposed to chelated-metal-labeled peptides and that is the radioiodinated peptides are converted to 
iodotyrosines and iodide both of which clear quickly from the targeted site making the agent unacceptable in a 
therapeutic setting 12 . The obvious remedy of using a Afunctional chelating agent to attach radiometal ions to 
peptides, as an alternative to radioiodination, also presents problems in that because of the low molecular weight 
of the peptides (versus monoclonal antibodies) the presence of the attached metal complex can dramatically 
afiTect the biodistribution and pharmacokinetics of the low molecular weight radiolabeled peptide. In fact, a 
recent review stated that various studies have demonstrated "the essential role that the chelation and conjugation 
chemistries play in determining the in vivo uptake and phamacokinetic behavior of radiolabeled receptor-avid 
peptides being designed as potential therapeutic radiopharmaceuticals" 13 . Thus, a peptide that has been 
optimized for targeting a receptor is likely to be suboptimized when a chelated metal ion is then 
conjugated to it. This can be attributed to the addition of significant molecular weight as well as significant 
changes to the lipophilicity, molecular electronics, and steric environment of the ligand with regard to specific 
receptor binding interaction. 

Investigators have studied the use of peptidomimetics to overcome the peptide limitations described above 
(fast clearance, metabolization) with some notable successes. For example, ^-peptides have ^ ecn uscd with 
success to mimic peptides as demonstrated by a cyclic P-tetrapeptide as a mimetic of somatostatin 14 . A more 
dramatic example is the use of nonpeptide-like templates used to present mimetics of individual key binding 
residues of peptides in their interactions with a receptor. The cyclic peptide bioactive somatostatin is represented 
in binding by a very different-looking mimetic based on p-D-glucose u ' 16 . Binding assay results support the ^ 
hypothesis that the glucose template (scaffo1d>based presentation of binding groups can mimic somatostatin's 
biological activity. 

This same approach did not work as well in the area of designing peptidomimetics for the ctvp3 antagonist 
cyclo(-Arg-Gly-Asp-I>Phe.Val-) [abbreviated as cRGDfV,J] based on a carbohydrate template. In this work of 
Nicolaou et al. they first determined the solution structure of cRGDfV by NMR 17 . Based on molecular modeling 
Nicolaou proposed and synthesized a handfiil of cRGDfV analogs based on the pyranose carbohydrate ring 
system as a template. Unfortunately, little to no binding of these mimics to aj&y integrin was observed. The 
authors suggest that there may exist subtle requirements for the active cyclic peptide conformation which may not 
be fulfilled by these mimics as well as perhaps a lack of sufficient rigidity associated with the carbohydrate 
framework 17 . 

Others have been more successful in finding peptidomimetics of cRGDfV (1) based on other templates. 
Benzodiazapines such as stracture 2 have been found to be low-nanomolar inhibitors of vitronectin binding to 
OyB 3 integrin with a 10000-fold selectivity over undesirable inhibition of Om>p3 receptor 21 . In this case the 1,4- 
benzodiazepine acts as a Giy-Asp mimic with the benzimidazole unit acting as an arginine mimic. Another RGD 
peptidomimetic selective inhibitor of 0^3 integrin was identified 3 (3, SC-68448) which showed up to 80% 
reduction in tumor growth in a mouse-based Leydig cell tumor model 22 . This molecule is simply an open chain 
analog presenting a guanidine moiety ( arginine mimic) and a carboxylic acid (aspartic acid mimic) separated by 
a spacer group which allow for their presentation in a spatial arrangement that recognizes the ct^Ba integrin 
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Figure 1. Structure of c(RDGfV) and nonpeptide mimetics. 




COOH 



3 cr ^ a 

* *5WS448(Ref22) 



J^VSZ^i that 2 and 3 are not disclosed as targeting agents but are examples of cRGDIV 
^tilnimetics that are selective O.B, integrin receptor antagonists (selective relatrve to the a^, receptor). 



Commercial Opportunities 

ComChem Technologies Inc. (CCT1) is a start-up company formed to discover and 
diacnostTc and therapeutic radiopharmaceuticals. CCTTs strategy is to util.ze combinatona chemistty to 

• S J TwiA chelatine aeent expertise to explore new areas and to arrive at commercializable products 
? U S*T^ clo^ collaboration with others possessing elementary expert.se 

cnrK a? radiochcmistry, medicine, and biochemistry. . . - 

SU CCrT hTa competitive advantage in that the PI of this research proposal has a pro ven «ck recorf m 
Snventine. developing, and bringing therapeutic radiopharmaceufcals into human chncal tnals.Hewas 
in^^ 

Cytogen) as well as lead inventor and project champion for all aspects of Ho-DOTMP wh.ch has now 
nroSd to phase ffl human clinical trials ( STR licensed by Dow to NeoRx Corporator , . 
P ^e tec^Sv that will be developed in this proposal has a specific commeraal application but also has 
bmad^ooSon « Tnew method to prepuce tridimensional presentation of molecular recogmtion un.* m a 
^tS^ that is ideal for radiotherapy. The intellectual property expected to be generated herem 
will be protected by filing US and overseas patent applications. 

Importance of Proposed Research 

This Phase I work will lay the foundation for preclinical and clinical evaluation of tumor vasculature localizmg 
X ^^forcancertreatmentinPhasen. This agent will be broadly applicable to ^^"g^ 
S tumors with targeted radiotherapy. It has taken over 15 years for a monoclonal an^b^y(Rrtuxan) 
to fmaTw Achieve FDA approval for treating lymphoma. A radiolabeled version ^y/^ P ^*f 

problem of finding an optimum radiolabeled low molecular weight vascular localizing agent will allow for mucn 
f£e ^Sscove^ l development timelines. The commercial potential of this approach is enormous an *e 

cSt^f -goc^t expect * * mUCh *" " " * 

drug from the patienfs perspective. 

r RELEVANT EXPERIENCE. Principal Investigator, Dr. Garlich, CCTI Chief Scientist, has eleven 

Omental hVthe synthesis and formulation development for "^f^^^ST^ 
radioactive drug for the relief of bone pain associated with bone metastases, licensed to Cytogen 
cCwuadramet-). He also developed new azamacrocycles (synthesis andnewuses) as well as Afunctional 

for monoclonal antibodies. He is the father of '^oDOTMP, a bone-seekujg 
ShUceutical, now in phase ffl clinical trials for the treatment ^^J^^^vSL 
NeoRX) More recently, he was responsible for establishing the combinatonal chermstry group at Dow 
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AgroSciences and has experience in all aspects of combinatorial chemistry-automation, solid-phase and solution 
nhase synthesis, analytical instruments and methodology. 

Sv^Ltor; Professor Mark A. Green has a background in inorganic chem.stry and 18 years of productive 
rete^ch experience in the design, synthesis, and evaluation of new metal-based rad.ophaumaceut.cals. His group 
^nationally recognized for their efforts in development and pre-clinical testmg of low-molecular-we.ght 
^rradiopharmaceuticals for imaging with positron emission tomography. For tumor imaging, h.s group has 
Xoneereo efforts in tumor targeting with low molecular weight folate-chelate conjugates that target a tomor- 
ceH-me^Lie-associated jeceptor for folic acid. In addition, they have developed and evaluated an extensive 
scries of monocationic gallium radiopharmaceuticals that are substrates for transport by the MDR1 Y- 
etveoorotein involved in tumor multidrug resistance. 

Proiect Coordinator, Carla J. Mathias brings a background in zoology and chemistry to this project, along 
with 21 years experience in the design, synthesis, pre-clinical testing, and clinical evaluation of new 
radiophannaceuticals. She is experienced in techniques of radiochemical synthesis and analysis, as well as me 
development and application of animal models for assessment of new radiopharmaceuticals Her experience 
SdTsynthetic, animal, and human studies related to the evaluation of radiolabeled platelets and wh,te cells, 
radiolabeled antibodies, 18F-labeled estrogen receptor ligands for imaging breast tumors with PET, generator- 
based PET perfusion tracers, and low molecular weight radiopharmaceuticals targeted to tumor-associated 

C^sul'taobX CDonnell pioneered the area of unnatural peptide synthesis which serve as key mtermediates 
toTe sytmeUc aims of this proposal. His interaction will be extremely valuable in ach,evmg the synthetic goals. 
Dr Durden MD, Ph.D. has extensive experience and expertise in vascular biology and integnns. He is an expert 
in signaling transduction and has much valuable experience in biochemical assays in this area. 

D RESEARCH PLAN: J . 

Ex perimental Plan Stage A & B Rationale a nd Introduction 
Given the drawbacks and approaches described above in the Background section it would be desirable to 
treat cancers that are highly expressing oji, integrin by a small nonpeptide molecule that QpwM 
chelating agent complexed with a therapeutic radioactive metal ion in a stable fasluon and 2) the resulting 
nonpeptide metal-ligand molecule possesses a high affinity and selectivity to the 03, integrin. We propose io 
Se mis with conservation of atoms by using the chelating agent moiety itself as the template upon which to 
place the ctfJ, integrin binding moieties in a spatial arrangement that mimics the well known OvB, integral 
antagonist c(RDGfV). The synthesis involved in this approach is detailed in Stage A below Expanding on this 
rppSch is our proposed design to use the chelating agent as the platform from which to tether multiple copies of 
a selective OvB, integrin-binding moiety such as cfRDGfV). This multivalent approach (Stage BX a relatively 
new Upland not yet applied to integrin binders, will be approached combinatorial!, to find the optimum 
aSan^es between the multiple copies of the binding moiety and to study the effect of different rfmg groups on 
theWnding of the resulting construct with integrins. The astute reader will recognize after examunng Ae generic 
schemes that there is some crossover from Stage B into Stage A in that some of me members of Stege A >tm 
contain multiple copies of presented binding moieties. This is not an intent to confuse the reader but reflects the 
great flexibility built into the synthetic approaches. „„u^;«« We have 

Synthesized molecules that mimic the binding of monoclonal antibodies are called chemobodies . We have 
coined the term "chelabodies" to describe chelates (metal-ligand complexes) that mimic the binding of 
monoclonal antibodies. Thus, chelabodies represent a subset of chemobodies wherein the chelate is a cnttcal 
design feature that causes arrangement of the binding motifs in the appropriate spatial arrangement to give 
Xiyke multivalent binding. Compounds described in both Stage A and Stage B fit into this new category 
of chelabodies. 

p^arrh Plan Stage A' Preparation of RDfi Mimics Based Ut 
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■nw. chelation agent DOTA, 4 (i,4,7.-l(Metmzacyclcxlodeciiitt-toniac«ic acid), isvrell know to form 

riS" ! nir«ulttagcompl K( « M eo»ml! negatively charged at P^'^^SS^ 
!nX.u£lioo.t^c^ 

^'^L™ SowteSany one of several therapeutic tadioactive lanthanide ~*d "»0»*" ™» 

^r^*?wV<»H*«^ H— andd.ecort.xvh,. ^<S»^ 
ro also satisfy the spatial requirements of the binding motet.es of cfRDOfV) . Sm<^ 5 rtp^ms ■ * 

wSta dHM unless extremely large and conformational* floppy spacer groups are used. Ibus our effort 
will be focused initially on 5 and 5A and their analogs. 

Figure 2. Comparison of DOTA with two proposed c(RDGfV) mimics based oo DOTA modifications. 

XOCH ^ N CT ^N^K 

- r \ N ) ^COOH / - J 

k u 5A S 

DOTA-RXG 



HOOC 

"COOH 



DOTA 

5 



THe^ a« numerous other poible substitutions on the acetate arm besides ^^"^^1 

couldVestrict rotation even further to provide ^^"^T^l^^^V^^r^ 
aau\™*\ omiio.: that can serve as carboxy ate monies and guanidine mimics. Our plan is xo prep*™ o 

""JSS. P represents .he solid ptase resin, Wang resin in this case. Howerer. ft"""" 

acetate arms is a *H2C(0)NH2 gioop upon cleavjge liom ft<M ream J^* 5 ^ 0 f ^ 

while they are nor as stable as DOTA they are stable enough for or »m> use J""™*™™"" J^j gjve a 

desired substituted DOTA chelator, XL Both pathways be examined and each will require signm 
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ontimizationwork These efforts would represent the first on-iwin synthesis of the medically impo^ 
teCSdcSc^e ring system. We thus feel that this work, even if ultimately unsuccessful m the broU^cal 

Smorganic medicinal chemistry. By using R2=R3=H the synthesis as shown u> Figure 3 simpl fte to only 
otelheTatofarm substituted with two moieties. The stereochemistry is not shown ^figure 3 but the use of the 
potpt Srer of It which we plan to isolate and obtain in each instance, wrll dehver the desired 
stereoisomer as shown in structure 5. 

Figure 3. Proposed solid-phase synthesis of 5 (R2=R3=H; W<H 2 COOH; 
R5= CHjCHrp(Ph)-MH(C=NH)NH:) as a single member of a combinatorial library. 
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> The key" building unit to get to structures like 5 via the route shown in Figure 3 is a chiral ^atu^ ammo 
acid derivative. Adiverse collection of these disubstituted glycine derivatives can be prepared m solutmn phase 
or soS h*£ by tire UPS (unnatural peptide synthesis) route pioneered. by OTonnell who .s semngasa 
comuZt Otitis proposar^. This procedure is shown in Figure 4 and lends . tself to automation lt»s 
SpaTedlt ^different enantiomers resulting in Figure 4 will be separated 1 using chual 
S S T mlods to perform the chemistry in Figure 4 wherein either R4 or R5 ui J^J^Sf- 
sVereos^ectivity 0040* ee) but our criteria for purity (>95%) requires mat we perform a chiral separate at 
this stage. This will be performed using HPLC methodology. 

Figure 4. Proposed preparation of chiral aminoesters for use in combinatorial synthesistjigure 3). 

IS — 12 

* With the inputs 12 (and 14 which can be the same or different from 12, derived from the *-"*»ft]f) » 
hand then the library7^«ction protocol based on structure 5 can be developed. Because of the way the 
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^thesis is developed it is possible to make an analog of 5 where each of the three acetate anns contam one copy 
^Ae P^S^cture by making 12 and 14 same aminoester. Tbis trivalent spec.es, by benefit of 
^lac^XioTof three copies of the RDG mimic strucure, could possess some interesting propert.es. 
S SSon later rekarding this multivalent approach in the research plan stage I discolors. 

h oXto access desired target molecules such as 5A a different synthesis route is needed smce two 
m molwulesof aminoester are mcorporated m eimer pamway A or pamway B m Figure 3. Th« 
' miration precludesfatroducing the needed stereochemistry at both sites, ,.e. only one 

T!?2E££ ^^^^^^.^^M desired access to molecules Wee 

54 w- ^t^Uhovm Tn Fioire 5 will be evaluated. The amino alcohols 9, 23, and 26 will be prepared from 

SLSTC Mta of these aminoalcohols could make use of resin bound ethylene glycol wherein the 
™ JZ Sister (such as 12) displaces the activated non-resin bound hydroxyl of the ethylene glycol. 



Figure 5. Strategy to achieve stereochemical control at each chiral acetate arm position such as 5A. 
° / OR 

K-o. ^ ^ .on Y ^ <Zr c 
IK 
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^ ^OR «*=° 1 

5 k °< ro o^o. 



OR, 

22R=OT* 



24 R 3 H 
2$ R=OTs 



a or, o ^ 



fU^COOH 



27R»H 
28 ROTs 



R6 £>COOH 



R4 . 
COOH 



1) Remov« protecting grrx* 

2) Cyciz« 

3) 



phce appropriately spaced recognition/binding groups; 4) the complex contammg ^J^f^^Z 
S Kb part of the core rigidifying structure so no additional conjugation chemishy is rented, i.e. the 
£££ taT screening will not need to be further modified to label with a rad,oact,ve isotope. 
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Research Plan Stage B: 

.. - -r C a.a M..u w a l e nt RDG Mimics Based Upon ffife Complexes (Chelabodies) 

5 H ^^S^OTCmfer their exquisite selectivity and high bindi ng affinity These attnbutes 
• ^„CSut^^ SaL and in'some cases mulLlerit in their binding with protetns or 
mX l^rfS NatXused multivalent binding to overcome weak binder in order to make strong 
receptor surfac ^^^^ attac hment of two or more binding sites on one molecule (drug) to 

^^SSSS*' This multivalent approach has not yet been applied to hgands aurted at 

area of multivalent drug design is where the term "chemobody" has been cobed to describe synthesized 

• bUMi 'SS »e desfgn and evaluation of multivalent r^nUtkms o^uttegnn 

backbone in this proposal we will put our effort in the arm substituted system 

p^ns for^ups to contain? 

Figure 6 Conceptual design of Chelabodies Based on DOTA-type Chelating Agents Presenting a 
Tetravaleat Binding Arrangement Aimed at o,Bj mtegnn Antagonism. 



W COOH ^ ^COOH R1R2 . R3iR4= Z-M 

m \ N '>— R1 Z= linker/spacer of varible 

>-N nV 14 /7 N n ^ lenfl*. shape, flexibility 

HOOC ( \ CTJOH H00C V-Nv 3<COOH M= RDG mimic that selectively 

r Q-^R2 antagonizes avMintetrin 

A^COOH R3 ' 

R3 CUUM 



"COOH 

31 



. ? Th. Meal terminal uroup would be one that induces internalization of the bound ligand into the cell 
^^^t^^^^ »- " ™ nabIe t0 capp^g off the -R- arms to P^de a surtable 

ii «k_ » m 3w» Annlvine this strategy to the compounds of Figure 4 and Figure 3 requires unij m* 
all the same . Applying tnis suaiciyr «/ w..;m;«» kwv« ro il 14 16 23 26) contain a masked 
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„ iv. H^mtected and then elaborated into a linke/spacer module for endcapping with antagonists such as 32. 

?e on Z «*h substituted chelator arm). There is no convenient method to get to a folly J™*"*, 
"sing solid phase methodology so solution phase methods will be exammcd 

thelare a ^ ** couW * prcpared ^ ^ 

Figure 7. Proposed Endcap Moiety for aA Integrin Antagonist in a Multivalent 
Construct and Examples of Linker/spacer Modules. 




jj X NHjCHjCHCHj^OCH.^-CH/^WX^CHjCOOH 

NH (reC 38} 




H 3 N(CH 1 ) 2 (CH } OCH I ),(CH 3 ) J N / \h(CH,) $ COOH 

c(ROGflC) 



JJE . (J. vi£> binding and whole cell assays) to determine if improvements in tumor cell localization are 

P ° SS,We ' R^arch Plan Biological Evaluations.; . . 

Assav4n\^The ELISA-type in vitro testing for competitive binding of test ligands with a* , mtegnn ■ weU 
Wished u « the methods to obtain the needed starting materials; vitronectin, oA J* ind 

inteenn ,9 ' Ji27 ' 4I ' <2 ' 4J - The procurement of some of these will be at CClTs cost outs.de of the budget 
^Sisapplicatio, Bne^thesolid.phasecompetitivedisp.acement^ 
£L 96-well plates with a* integrin receptor (or c^B, integnn receptor to determine ^^^d 
coaimg f ,v««ure to various concentrations of test compound containing biotinylaten 

nSS^pTerJabeled anti-biotin antibody. Tnis testing will be performed on nonradjoachve metal ion 
cTpteTwi^ewly synthesized compounds so that it can be performed in a medmm-throughput mode at 
the Purdue Center for Combinatorial Chemical Biology. 

*~ y. m Vjas Whole gel! latemalization Studies: A recent method has been described to 
to^natotion of integri ns which are thought to occur via endocytosis". Our approach will not 

totellUon(which requires anti-ligand antibodies) but will expose mtegnn expressing cells to cur 

andL deSnine the degree of binding by aggressive exposure «™^^ x ^ 
variou w^hes. Since all of our molecules chelate radioactive metal ions these radioacUve 
£2 Undetermined to be either cell associated, or easily removed. The ultimate location of our l.gands . less 
£p^ani £ZZl£g that the antagonists stay bound to die cell surface so that in vivo they are able to deliver 

A^iS^tvlTevaluation of the best in vA» active compounds Tne animal testing we will perform 

JSS immuneimpromised mice will provide biolocalization data We will n°tbemeasumig 
as the animals Jtou^**^*™*^^^™""* 
and cell line we will be using is the melanoma line WM164 available from ATTC. 
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Specific Goals/A ccom plishmen t* Expected for Phase 1 Year J: 
. Perform modeling of complexes (chelabodies) that will mimic neovasculature targeting pepUde-receptor 
Lain* interactions via substitution patterns on a DOTA-lanthan.de complex scaffold. 
b 2 SvSL« of complexes are assessed by molecular modeling of receptor fit to determine synthetic 

Pn5pared ' S pecific C.oals/Ac^ n'plisWnts Existed for Phase I Year 2: 

, Optimized leads from research plan stage A have been evaluated in vitro and in vivo and are ready for 

?^mlllt*cdology has been developed for preparing multivalent constructs in research plan sUge B. 
and in vivo testing to give maximum tumor localization of radiometal isotope. 
E HUMAN SUBJECTS- NONE 

F ITS 

.hows oromise in in vitro studies) to determine the agenf s tumor localizat.on m vivo. We plan to sc^n and 
*S™neJ Radiotracers in L per year, using nine animals per compound. The tumo^g a^ 
rote are Quired for assessment of radiotracer distribution and pharmacokinetics, plus demonstrat ng that to 
lorTpSe of tracer is mediated by binding to the a v fc receptor. In this project we w,l conduct cell culture 
Tdies as a preliminary screen of tracer affinity for the cwfr receptor, to msure that biological data only 

2 and 24 hours post-injection, examining 3 animals per time point, nn saaiuu afKn5lv «„Bt 

o^of these time points after co-administration of the radiotracer with an excess of a 

Z£X«Z o demonstrate the expected competitive blocking of f 
Eg study will also implicitly ptovide a measure of the level of «>^^^S£^ cXed 
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the preferred animal for this screening because of their size, low cost, ease of handling, and their ability to act as 
hosts for human tumors. The number of animals proposed (3 per time point) is the absolute minimum required to 
obtain statistically reliable data. m 

3 Veterinary care is available through the Purdue's AAALAC-approved animal facilities. At Purdue 
University there is one veterinarian and 6 animal caretakers, all assigned full-time to animal care. All of the 
animal caretakers are certified by AAALAS as ALAT or LAT. Athymic mice will be housed in a specially 
desiimed facility within the School of Veterinary Medicine. Dr. David J. Waters, who will be responsib e for 
feneration of the mouse xenograft models, is a board-eertified veterinary surgeon and is familiar with all aspects 
of the husbandry and medical care of athymic mice. He is the Director of the Purdue University Athymic Mouse 
Facility which provides the required services as a Core Service of the Purdue Cancer Center. Purdue University 
has on file with OPRR an Assurance of Compliance with Public Health Service Policy on Humane Care and Use 
of Laboratory Animals (Welfare Assurance #A323 1-01). As specified in this policy, all Purdue University 
programs and facilities for activities involving animals have been evaluated and accredited by the American 
Association for Accreditation of Laboratory Animal Care. All of the programs and facilities for actmties 
involving animals have also been evaluated by the Purdue Animal Care and Use Committee (PACUC) and are 
subject to triennial review by PACUC. Professor Green's protocol for the proposed studies is approved by 
PACUC (PACUC #93-069-99; 10/4/99). 

4 All animals will be anesthetized to prevent any pain, distress or discomfort during experimental 
procedures. For the in vivo experiments that require subcutaneous implantation of tumor cells in athymic mice, 
no surgical procedures are necessary. To minimize discomfort and pain, 25 gauge needles will be used for the 
implantation of tumor cells. Similarly, only 25 gauge needles, or smaller, will be used for administration of 
drugs Treatment of mice will not require analgesics or anesthetics because they require only momentary 
restraint and minimal discomfort. Dr. Waters is a board-certified veterinaiy surgeon with extensive experience in 
administration of methoxyflurane anesthesia and surgical implantation of tumor cells in athymic mice. In our 
experience mice recover smoothly from methoxyflurane anesthesia and resume normal activities (e.g., eating, 
grooming) within a few hours after the procedure. In no cases will the tumors be allowed to grow on animals to 
the point where their health is compromised. The polycarbonate cages and microisolator system used are 
approved by the American Association for Accreditation of Laboratory Animal Care (AAALAC) for housing 
athymic mice. Mice will be anesthetized by inhalation of diethyl ether to produce unconsciousness prior to 
radiotracer injection and sacrifice. 

5. Mice will be sacrificed by decapitation under anesthesia as specified above (rapid sacntice ana 
excision of organs is required to obtain reliable data in the biodistribution studies). 

G CONSULTANTS _ . ... 

Dr. Marty ODonnell, Ph.D., Professor of Chemistry: Allows the project to have access to his expertise in soiia- 
ohase synthesis of unnatural amino acids which are key intermediates in our overall synthesis. 
Dr Don Durden,M.D.,Ph.D, Associate Professor of Pediatrics and Biochemistry: Allows the project to access 
his considerable expertise in vascular biology including OvB, integrin signal transductions and angtogenesis. 

H CONTRACTUAL ARRANGEMENTS-CCTI is collaborating with Dr. Mark Green of Purdue 
University to accomplish this research proposal. This is arranged contractually as per the budget pages. 
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Profeaaor of Modidnal Chemistry 
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pMAftMACAL BCICNCM 



JoMpb R. Garlich, Pb,D. 
Preaident 

ComCben Technologies, Inc. 
9731 TriboU Drive 
IndianapoUa, Indiana 48238 

BB: CholetoBaeed Scaffold* In Tumor Targeting 
Dear Joe: 



I am writing to confirm that my group ia moat iutereated in colUbora^g^ ComChem a 
dfcrta to develophovel targeted cfaelate-baaed radiopbarmaceuttcali vis application of 
«™wtoriL chemieS techaiouea. Wa wiU b. delighted to aaaiet in your eflbrte to davetep and 
t^ ^tf^JSlri^ to tumor vaaculatura, a. ouOined in the accompany^ 

«ubcoatract 

We look forward to progroso on this most exdtinj initiative. 

Best regard*, 

^AjLO^ 



Mark A. Qraen, PhD. 

Professor of Medicinal Chemietry 



MAQ/kak 




owitioN , N«cv«Aa Pha**** • D.««n«Mr or M«o,c«m. """""^ 
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SaiooiofMn)iciNR 



Joseph K. Garlich, PhD. 
ComChcm Technologies, Inc. 
9731 Trllobl Drive 
Indianapolis, IN 46236 



Dear Dr. Garlich: 

This letter Is to express my willingness to serve as a 

your NIH STTR Phase I F.L.A.IX. proposal entitled Chelate Based 

Scaffolds (Chclabody) In Tumor Targeting". 

I acree to participate for three days of consultation at a minimum 
rate of $1000 per day in each of the two budget years. 



Sincerely, 



icercly, 

Donald L. Durden, M.D., PKD. 

Associate Professor of Pediatrics, 

Biochemistry and Molecular Biology 

I Jerman B Wells Center for Pedlatnc Research 

Attending Physician, Division of Oncology 

Riley Childrens Hospital 

Indiana University School of Medianc 

Indianapolis, IN 46204 



MfaUISIKREUBCU 

JaineVhitouiiih Riley 
}kep(alforOiiUi«n 
Indiana IHwsty 
WtlicalCcrtCf 
CanarrFescwthtniluiie 
1044W. ValnulSuu* 

RoomiW 
IndianHjioli* iniaiia 

317-27W 
Fa})7-17«679 
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Joseph R.Garlid\,Ph.D. 
ComChem Technologies/ Inc. 
9731 Trilobi Drive 
Indianapolis, IN 46236 



IUPUI 



Dear Dr. Garlich: 



This letter is to express my willingness to serve as aror^tent 
on your NIHSTTR Phase I F.LA.I.R. proposal entitled Chelate 
Based Scaffolds (Chelabody) in Tumor Targeting . 

I agree to participate for three days of consultation at a 
minimum rate of $1000 per day. 



Sincerely. 

Martin J. (jDonneU 
Professor 



DnuDGOToiCDiiffinr 

402HHbAforfSrat 
livdianapoli* Indiana 
46202-5174 

317-27^6872 
Far 317-2744701 
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Joseph R. Garlich, PhD. 
President 

ComCbcm Technologies, Inc. 
9731 TriboU Drive 
Indianapolis, IN 46236 

RE: Cbelate-Based Scaffolds in Tumor Targeting 

Dear Joe: 

I am writing to confirm that 1 can provide training in bioassay technique* using 
equipment associated with the Purdue Combinatorial Chemical Biology Center, as needed in 
connection with ComChem's efforts to develop novel targeted chelate-based radio- 
pharmaceuticals via application of combinatorial chemical techniques. 

I look forward to collaboration in this exciting initiative. 

Best regards. 




V.JoDavisson. Ph.D. 
Professor and Associate Head 
(765)494-5238 office 
(765)494-14l4fax 
vjd@phannacy.purdne.edu 



VJD/jac 
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CONFIDENTIAL COMCHEM TECHNOLOGIES APRIL 28 2003 CONFIDENTIAL 

2.390 ml of Solution of 1mMotar Ugand (lot A02W8A) in PBS; tot= A027-3A 

o o r 0H 

II U II I 

H Molecular Weight =544.53 
Exact Mass =544 

Molecular Formula =C20H32N8O10 




0.760 fflL of Solution of ImMoiar Ugand (lot A023-88B) in PBS; tot= A027-38 




o r 0H 

M JL_OH Molecular Weight =658.41 

H IT Exact Mass =658 

0H O Molecular Formula =C19H31IN8O10 



0.620 mL of Solution of ImMoiar Ugand (lot A02W4B) in PBS; «ot= A027-3C 
JH . .OH 




fTT 1 




Molecular Weight =611.41 
H Exact Mass =611 

Molecular Formula =C19H31BrN8O10 



Z065 mL of Solution of ImMoiar Ugand (lot A023-90) in PBS; W= A027-3O 

11 jj H II f Molecular Weight =532.56 

H^-Sj- — r-'St IT T^S if Exact Mass =532 

H I . H U M II U«la«ilar Cannula sTOnM! 



HjN 



NH 




Molecular Formula =C20H36N8O9 
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UmM R.r«nca025(Scffl#:i73) \Jf 

MassPcaks:550 BasdH^SU 0(6334055) / 
iUwModc:Avcfaawi i.yft-L«riui"' * 
BGMode.CaIc.Peak Top 

too 



H 



i> — - 




Mofectfar Weight «1 10.05 

Exact Mass =110 

Molecular Fonnia OH703P 



IfafeoJar Weight =651.79 
Exact Una <*31 



0 N J*- 



b- 



Motecutar Weight =90301 
Exact Uas»=902 

MoleaJar Formula -C38H76N90KP2 
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CONFIDENTIAL COMCHEM TECHNOLOGIES INC. flB^HVage 1 CONFIDENTIAL 



750 uL of Solution of ImMolar Ligand in PBS; lot= A023-51A 




Molecular Weight =822.81 
Exact Mass =822 

Molecular Formula =C36H38N801 3S 



1 mL of Solution of ImMolar Ligand in PBS; lot= A023-51B 

° H 

N H I H II H 

rf NH O I O 

o=s=o // 
I o 



a 









Molecular Weight =666.72 
Exact Mass =666 

Molecular Formula =C27H38N8O10S3 
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Page 2 CONFIDENTIAL 



500 uL of Solution of ImMoiar Ligand in PBS; lot= A023-51C 




Molecular Formula =C38H64N14018 



1 mL of Solution of ImMoiar Ligand in PBS; lot= A023-51D 




Molecular Weight =620.62 
Exact Mass =620 

Molecular Formula =C26H36N8O10 
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| Page 3 CONFIDENTIAL 



1 mL of Solution of "ImMolar Ligand (lot A023-27B) in PBS; lot= A023-52A 
1 mL of Solution of ImMolar Ligand (lot A023-27) in PBS; lot= A023-52B 



H 





Molecular Weight =601.36 
Exact Mass =601 

Molecular Formula =C17H28IN709 



500 uL of Solution of ImMolar Ligand (lot A023-37B) in PBS; lot= A023-52C 
1 mL of Solution of ImMolar Ligand (lot A023-19) in PBS; lot= A023-52D 




Molecular Weight =549.56 
Ex3ct Msss —549 

Molecular Formula =C19H31N7O10S 



CONFIDENTIAL COMCHEM TECHNOLOGIES INC.0HBBM Page 1 
500 uL of Solution of ImMolar Ugand (lot A023-19B) in PBS; lot= A023-53A 



CONFIDENTIAL 




Molecular Weight =549.56 
Exact Mass =549 

Molecular Formula =C19H31N7O10S 



1.474 mL of Solution of ImMolar Ligand (lot A023-61) in PBS; lot= A024-93A 




Molecular Weight =677.68 
Exact Mass =677 

Molecular Formula =C28H39N9011 



CONFIDENTIAL COMCHEM TECHNOLOGIES INC jJ^BAt Page 2 CONFIDENTIAL 
2.042 mL of Solution of ImMolar Ligand (lot A023-65B) in PBS; !ot= A024-93B 




irr 



NH O 




Molecular Weight =734.73 
Exdct Msss =734 

Molecular Formula =C30H42N10O12 




Molecular Weight =791 .78 
Exact Mass =791 

Molecular Formula =C32H45N1 1013 



CONFIDENTIAL COMCHEM TECHNOLOGIES INC., 



Page 3 CONFIDENTIAL 



589 uL of Solution of 1 mMolar Ligand (lot A023-69A) in PBS; lot= A024-93D 



HjN 



NH O \ OH 



O J — ^ 



V-0 



H fl^^ N v^/^ 0 Molecular Weight =848.83 

B 1 J H Exact Mass =848 

Molecular Formula =C34H48N12014 

o 



1.014 mL of Solution of ImMolar Ligand (lot A023-71A) in PBS; lot= A024-93E 

.OH 
.OH 



O o o o 



Molecular Weight =905.89 hn " h 

Exact Mass =905 a 
Molecular Formula =C36H51N13015 nh 2 




o 

OH 



1.142 mL of Solution of ImMolar Ugand (lot A023-73A) in PBS; lot= A024-93F 




Molecular Weight =962.94 
Exact Mass =962 

Molecular Formula =C38H54N14016 



HN^" 



NH, 



CONFIDENTIAL COMCHEM TECHNOLOGIES 1 
2.390 mL of Solution of ImMolar Ligand (lot A023-88A) in PBS; lot= A027-3A 



> CONFIDENTIAL 



H 2 N— N 





0H Molecular Weight =544.53 
Exsct Mdss ~544 

Molecular Formula =C20H32N8O10 



0.760 mL of Solution of ImMolar Ligand (lot A023-66B) in PBS; lot= A027-3B 
M 



N 

•LN^^N 
2 H 




H 



M ^ — ^N^^M-^^OH Molecular Weight =658.41 
H T ; H I Exact Mass =658 




o r 0H 



OH 



Molecular Formula =C19H31IN8O10 



0.820 mL of Solution of ImMolar Ligand (lot A023-84B) in PBS; lot= A027-3C 



.OH 




i 

NH 



H m ( Molecular Weight =61 1.41 

N^^N^JUn^-^OH Exact Mass =61 1 

H II I H H Molecular Formula =C19H31BrN8O10 
NH Ok 0H O 




Of 
O 



2.065 mL of Solution of ImMolar Ligand (lot A023-90) in PBS; lot= A027-3D 




Molecular Weight =532.56 
Ex3ct Mbss = 532 

Molecular Formula =C20H36N8O9 



CONFIDENTIAL COMCHEM TECHNOLOGIES INC 



CONFIDENTIAL 



Solution of 1 mMolar Complex in PBS = A012-56A 
Ligand= lot A01 2-17 
Complex= A012-32 




Molecular Weight =765.66 
Exact Mass =765 

Molecular Formula =C31H46N7O10Y 



Solution of ImMolar Complex in PBS= A012-56B 
Ligand = lotA012-19 
Complex= lotA012-37 




Molecular Weight =751.63 
Exact Mass =751 

Molecular Formula =C30H44N7O10Y 



Solution of ImMolar Complex in PBS= A012-56C 
Ligand = lotA011-75B 
Complex* lot A012-44 




»— " N \ ^ 



Molecular Weight =604.45 
Exact Mass =604 

Molecular Formula =C21H35N609Y 



Solution of ImMolar Complex in PBS= A012-56D 

Ligand=lotA011-75C 

Complex = lot A012-46 




Molecular Weight =618.48 
Exact Mass =618 

Molecular Formula =C22H37N609Y 



CONFIDENTIAL COMCHEM TECHNOLOGIES INC. 

PAGE 2 



CONFIDENTIAL 



Solution of ImMolar Complex in PBS= A012-57A 
Ligand = lotA0l1-75D 
Complex* lot A012-48 




Molecular Weight =632.51 
Exact Mass =632 

Molecular Formula =C23H39N609Y 



Solution of ImMolar Complex In PBS= A012-57B 

Ugand=lotA011-75E 

Complex = lot A012-50 




OH 



Molecular Weight =646.53 
Exact Mass =646 

Molecular Formula =C24H41N609Y 



Solution Of ImMolar Complex in PBS= A012-57C 
Ligand = 1otA011-65C 
Complex= lotA012-25 




Molecular Weight =724.58 
Exact Mass =724 

Molecular Formula =C28H41N7O10Y 
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CONFIDENTIAL 



Solution of ImMolar Complex in PBS= A012-57A 
Ligand = lotA011-75D 
Complex= lot A012-48 




Molecular Weight =632.51 
Exact Mass =632 

Molecular Formula =C23H39N609Y 



Solution of ImMolar Complex in PBS= A012-57B 

Ligand=lotA011-75E 

Complex = lot A012-50 




OH 



Molecular Weight =646.53 
Exsct Mass =646 

Molecular Formula =C24H41N609Y 



Solution of ImMolar Complex in PBS= A012-57C 
Ligand = lotA011-65C 
Complex= lotA012-25 




Molecular Weight =724.58 
Exact Mass =724 

Molecular Formula =C28H41N7O10Y 
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500 uL of Solution of 1 mMolar 
Complex in PBS; lot= A017-80A PBS 




Molecular Weight =637.49 
Exact Mass =637 

Molecular Formula =C24H34N708Y 



500 uL of Solution of 1 mMolar 
Complex in PBS; lot* A017-80C PBS 




Molecular Weight =739.64 
Exact Mass =739 

Molecular Formula =C27H40N9O8SY 



500 uL of Solution of ImMolar 
Complex in PBS; lot= A017-80E PBS 




NH 



Molecular Weight =646.49 
Exact Mass =646 

Molecular Formula =C22H37N809Y 



500 uL of Solution of ImMolar 
Complex in PBS; lot= A017-80B PBS 




Molecular Weight =767.70 
Exact Mass =767 

Molecular Formula =C29H44N908SY 



500 uL of Solution of ImMolar 
Complex in PBS; lot= A017-80D PBS 



NH 




Molecular Weight =660.52 
Exact Mass =660 

Molecular Formula =C22H39N10O8Y 



500 uL of Solution of ImMolar 
Complex in PBS; lot= A017-80F PBS 




Molecular Weight =660.52 
Exact Mass =660 

Molecular Formula =C23H39N809Y 
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500 uL of Solution of ImMolar 
Complex in PBS; lot= A017-80G PBS 



O N / 



O- 



HN 



NH z 

Molecular Weight =674.55 
Exact Mass =674 

Molecular Formula =C24H41N809Y 

500 uL of Solution of ImMolar 
Complex in PBS; lot= A017-80I PBS 




. i N— -j T 

NH 2 ^ N j N | 



0 



Molecular Weight =659.52 
Exact Mass =659 

Molecular Formula =C22H38N10O8Y 

500 uL of Solution of ImMolar 
Complex in PBS; tot= A017-80K PBS 



HN 



, NH 2 L^H l N 
N j' N 




.q-o- 




Molecular Weight =715.62 
Ex3ct M3ss = 715 

Molecular Formula =C26H46N10O8Y 

500 uL of Solution of ImMolar 

Blank mixture in PBS; lot= A017-80Z PBS 



NH 



500 uL of Solution of ImMolar 
Complex in PBS; lot= A017-80H PBS 



O .H 

O N' 



HN 



Molecular Weight =688.57 
Exact Mass =688 

Molecular Formula =C25H43N809Y 

500 uL of Solution of ImMolar 
Complex in PBS; lot= A017-80J PBS 

NH 

"° X 




-N-„NH 2 

T 

NH 

Molecular Weight =659.52 
Exact Mass =659 

Molecular Formula =C22H38N10O8Y 

500 uL of Solution of 1 mMolar 
Complex in PBS; lot* A017-80L PBS 

O 0' H 




O N N / 
IN 

u 



H NH 
N^ 

NH, 



Molecular Weight =660.52 
Exact Mass =660 

Molecular Formula =C23H39N809Y 
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L 5 ot°N U l°K 1 m Il? ,ar C0m P ,ex in P BS 
Lot Number= A024-16Q 




0 
OH 



H,N 



NH 



N : n 

H 



Molecular Weight =646 49 
Exact Mass =646 

Molecular Formula =C22H37N809Y 
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f°° K V L °[ 1 "Molar Complex in PBS 
Lot Number= A024-16R 



0 





f N > N i 

N S \T ? 

Molecular Weight =660 52 
Exact Mass =660 

Molecular Formula =C23H39N809Y 



i?H L °u f 1 mMolar Com P'ex in PBS 
Lot Number* A024-16S 




Molecular Weight =674 55 
Exact Mass =674 

Molecular Formula =C24H41 N809Y 



185 uL of 1 rnMolar Complex in PBS 
Lot Numbers A024-16T 




Molecular Weight =688 57 
Exact Mass =688 

Molecular Formula =C25H43N809Y 
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260 uL of 1 mMolar Complex in PBS 
Lot Number= A024-16U 




N : N 
( > HN 




NH 



H 

N 




Molecular Weight =702.60 
Exact Mass =702 

Molecular Formula =C26H45N809Y 



500 uL of 1 mMolar Complex in PBS 
Lot Numbers A024-16V 

O 

O' 

°- - rr\ 




AiX 



OH 



HN 



NH, 



Molecular Weight =632.47 
Exact Mass =632 

Molecular Formula =C21H35N809Y 



500 uL of 1 mMolar Complex in PBS 
LotNumber=A024-16W 




Molecular Weight =646.49 
Exact Mass =646 

Molecular Formula =C22H37N809Y 



500 uL of 1 mMolar Complex in PBS 
LotNumber=A024-16X 




Molecular Weight =660.52 
Exact Mass =660 
Molecular Formula =C23H: 
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500 uL of 1 mMolar Complex in PBS 
Lot Number A024-16Y 




Molecular Weight =674.55 
Exact Mass =674 

Molecular Formula =C24H41N809Y 



500 uL of 1 mMolar Complex in PBS 
Lot Number= A024-16Z 




Molecular Weight =688.57 
Exact Mass =688 

Molecular Formula =C25H43N809Y 



500 uL of 1 mMolar Blank Reaction Mixture in PBS 
Lot Number= A024-16BLANK 
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500 uL of 1 mMolar Complex in PBS 
LotNumber=A024-16M 




Molecular Weight =674.55 
Exact Mass =674 

Molecular Formula =C24H41N809Y 



500 uL of 1 mMolar Complex in PBS 
Lot Number= A024-16N 




n - / N — | 

O v N Nf / 

w \_y ^\ 

HN NH O 




Molecular Weight =688.57 
Exact Mass =688 

Molecular Formula =C25H43N809Y 



500 uL of 1 mMolar Complex in PBS 
Lot Numbers A024-1 60 




Molecular Weight =702.60 
Exact Mass =702 

Molecular Formula =C26H45N809Y 



500 uL of 1 mMolar Complex in PBS 
Lot Number= A024-16P 




Molecular Weight =716.63 
Exact Mass =716 

Molecular Formula =C27H47N809Y 



Complexes for Purdue 



Solution of 1 mMolar Complex in PBS* A007-96A Solution of 1 mMolar Complex In PBS* A007-96B 
Ligand* lot A007-77(prep of A01 1-21) Ligand* lot A01 1-25 

Complex* lot A007-91 Complex* lot A007-92 




Molecular Formula =C25H40N6O11Y 

Molecular Weight =779.69 
Exact Mass =779 

Molecular Formula =C32H48N7O10Y 



Solution of 1 mMolar Complex in PBS= A007-96C 
Ligand= lot A007-89 (prep of A01 1-33) 
Complex* lotA007-93 




Molecular Weight *723.58 
Exact Mass =723 

Molecular Formula =C28H40N7O10Y 



H 2 N 




I 

I 

1 o ^ 

N ^ 



Molecular Weight =400.57 
Exact Mass =400 

Molecular Formula =C20H40N4O4 




0 H— O 0 

Molecular Weight =490.56 

Exact Mass =490 
Molecular Formula =C20H38N6O8 



DOTA 




Molecular Weight =404.42 
Exact Mass =404 

Molecular Formula =C16H28N408 




Molecular Weight =548.30 
Ex3ct Msss ""548 

Molecular Formula =C12H32N4012P4 




Molecular Weight =525.56 
Exact Mass =525 

Molecular Formula =C23H35N509 



Y-DOTA 




Molecular Weight =401.40 88.91 

Exact Mass =401 89 

Molecular Formula =C16H25N408 . Y 




Molecular Weight =545.28 88.91 
Exact Mass =545 89 

Molecular Formula =C12H29N4012P4 . Y 




Molecular Weight =522.54 88.91 

Exact Mass =522 89 

Molecular Formula =C23H32N509 . Y 



DOTA 




Molecular Weight =404.42 
Exact Mass =404 

Molecular Formula =C16H28N408 




Molecular Weight =548.30 
Exsct Msss = 548 

Molecular Formula =C12H32N4012P4 




Molecular Weight =525.56 
Exact Mass =525 

Molecular Formula =C23H35N509 



Y-DOTA 




Molecular Weight =401 .40 88.91 

Exact Mass =401 89 

Molecular Formula =C16H25N408 . Y 




Molecular Weight =545.28 88.91 
Exact Mass =545 89 

Molecular Formula =C12H29N4012P4 . Y 




Molecular Weight =522.54 88.91 

Exact Mass =522 89 

Molecular Formula =C23H32N509 . Y 
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0.5 mL of Solution of 1 mMolar Ligand (lot A023-96) 
in PBS, Lot=A028-21A; pH=7.43 




8 Vn^o 



Molecular Weight =668.46 
Exact Mass =668 

Molecular Formula =C21H34BrN901 1 



0.875 mL of Solution of 1 mMolar Ligand (lot A023-98) 
in PBS, Lot=A028-21B; pH=7.39 




O ( 



rn JL T J T l T OH 

0 V oh 



H 



Molecular Weight =725.52 
Exact Mass =725 

Molecular Formula =C23H37BrN10O12 



0.75 mL of Solution of 1 mMolar Ligand (lot A028-01) 
in PBS, Lot=A028-21C; pH=7.45 
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0.5 mL of Solution of 1 mMolar Ligand (lot A028-03) 
in PBS, Lot=A028-21D; pH=7.45 




Molecular Weight =839.62 HN ^V 
Exact Mass =839 \ 
Molecular Formula =C27H43BrN12014 NH 



NH 



0.5 mL of Solution of 1 mMolar Ligand (lot A028-05) 
in PBS, Lot=A028-21E; pH=7.45 



Molecular Weight =896.67 HN^. NH 
Exact Mass =896 \ 
Molecular Formula =C29H46BrN1 301 5 NH 2 
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500 uL of 1 mMolar Complex in PBS 
Lot Number= A024-16M 



500 uL of 1 mMolar Complex in PBS 
Lot Number= A024-16N 




HN 




O 

NH, 



NH 



Molecular Weight =674.55 
Exact Mass =674 

Molecular Formula =C24H41N809Y 




n - ; N — i 

°-f-Y^-5--p 
0 N / 




Molecular Weight =688.57 
Exact Mass =688 

Molecular Formula =C25H43N809Y 



500 uL of 1 mMolar Complex in PBS 
LotNumber=A024-16O 




Molecular Weight =702.60 
Exact Mass =702 

Molecular Formula =C26H45N809Y 



500 uL of 1 mMolar Complex in PBS 
Lot Number= A024-16P 




Molecular Weight =716.63 
Exact Mass =716 

Molecular Formula =C27H47N809Y 
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0.5 mL of Solution of 1 mMolar Ligand (lot A028-07) 
in PBS, Lot=A028-22A; pH=7.41 



H 




anr N 



i. — ^ N _y H 




Molecular Weight =715.46 
Exact Mass =715 

Molecular Formula =C21H34IN9011 



0.5 mL of Solution of 1 mMolar Ligand (lot A028-09) 
in PBS. Lot=A028-22B; pH=7.38 




Molecular Weight =772.52 
Exdct Mass =772 
H Molecular Formula =C23H37IN10O12 



0.5 mL of Solution of 1 mMolar Ligand (lot A028-1 1) 
in PBS, Lot=A028-22C; pH=7.42 




H 



Molecular Weight =829.57 
Exact Mass =829 
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0.75 mL of Solution of 1 mMolar Ligand (lot A028-13) 
in PBS. Lot=A028-22D; pH=7.38 




Molecular Weight =886.62 
Exact Mass =886 HN NH 

Molecular Formula =C27H43IN 12014 nr W 

NH, 



0.5 mL of Solution of 1 mMolar Ligand (lot A028-15) 
in PBS, Lot=A028-22E; pH=7.45 



HN, NH 



Molecular Weight =943.67 ^ 
Exact Mass =943 NH 
Molecular Formula =C29H46IN13015 



Solution of 1 mMolar Complex in PBS = A007-26A 
Ligand= lot pNH2-Benzyl-D0TA 
Complex 35 A007-24 




H-0 



Molecular Weight =595.45 
Exact Mass =595 

Molecular Formula =C23H32N508Y 



Solution of 1m Molar Complex in PBS= A007-40A 

Ligand = lot A008-43 

Complex=lotA007-37 




s 

A 



N NH 



Molecular Weight =697.60 
Exact Mass =697 

Molecular Formula =C26H38N708SY 

Solution of ImMolar Complex in PBS= A007-35A 

Ligand = lotA007-29 

Comptex=totA007-35 



Solution of ImMolar Complex in PBS= A007-58A 

Ligand= lotA008-59 

Complex=lotA007-51 




NH, 



O 
\ 
H 



Molecular Weight =576.44 
Exact Mass =576 

Molecular Formula =C20H35N6O8Y 

Solution of ImMolar Complex in PBS= A007-36A 

Ugand=lOtA007-26 

Complex = lot A007-27 




HO 



Molecular Weight =779.69 
Exact Mass =779 

Molecular Formula =C32H48N7O10Y 





Molecular Weight =725.66 
Exact Mass =725 

Molecular Formula =C28H42N708SY 



CONFIDENTIAL COMCHEM 
0.189 ml of Solution of ImMolar Complex 
in PBS=A019-42RS 
Complex= Lot A01 3-97 

H 



O O- f O 



TECHNOLOGIES INC. 

Solution of ImMolar Complex in PBS=A019-38A 
Ligand= Lot A017-21A 
Complex=LotA019-18 
0 

O- 



HN H 

-N N/ NH 2 

X 

Molecular Weight =702.$0 
Exact Mass =702 

Molecular Formula =C26H45N809Y 

Solution of ImMolar Complex in PBS=A019-38B 
Ligand=Lot A017-21B 
Complex= Lot A01 9-20 

.0 

0 : 




Molecular Weight =618.48 
Exact Mass -616 

Molecular Formula =C22H37N609Y 




H 

Molecular Weight =604.45 
Exact Mass =604 

Molecular Formula =C21H35N609Y 

Solution of ImMolar Complex in PBS=A019-38C 
Ligand= Lot A017-21C 
Complex= Lot A01 9-22 




O- Y J 

\i_/ N \ 
\— 0~ 1 H 



OH 



3 NH 2 



Molecular Weight =632.51 
Exact Mass =632 

Molecular Formula =C23H39N609Y 



Solution of ImMolar Complex in PBS=A019-39A 
Ligand= Lot A017-21D 
Complex=LotA019-24 



0 




Molecular Weight =646.53 
Exact Mass =646 

Molecular Formula =C24H41N609Y 



Solution of ImMolar Complex in PBS=A019-39B 
Ligand=Lot A017-21E 
Complex= LotA019-26 




Molecular Weight =660.56 
Exact Mass =660 

Molecular Formula =C25M43N609Y 



CONFIDENTIAL COMCHEM TEC 

Solution of ImMolar Complex in PBS=A019-39C 
Ugand=Lot A017-25A 
Complex* Lot A01 9-28 




Molecular Weight =590.43 
Exact Mass =590 

Molecular Formula =C20H33N6O9Y 

Solution of ImMolar Complex in PBS=A019-39D 
Ligand* Lot A017-25B 
Complex* Lot A019-30 




MotecuJar Weight =604.45 
Exact Mass =604 

Molecular Formula =C21H35N609Y 



Solution of ImMolar Complex in PBS=A019-44B 
Ligand* Lot A017-25D 
Complex* Lot A019-34 




Molecular WeigM =632.51 
Exact Mass =632 

Molecular Formula =C23H39N609Y 



3.72 mL Solution of 1 mMolar Complex 
in PBS=LotA015-82PBS 




Molecular Weight =376.37 
Exact Mass =376 

Molecular Formula =C14H24N408 



Solution of ImMolar Complex in PBS=A019-44A 
Ligand* Lot A017-25C 
Complex* Lot A01 9-32 




Molecular Weight =618.48 
Exact Mass =616 

Molecular Formula =C22H37N609Y 

Solution of ImMolar Complex in PBS=A019-44C 
Ligand* Lot A017-25E 
Complex* Lot A019-36 




Molecular Weight =646.53 
Exact Mass =646 

Molecular Formula =C24H41N609Y 



Solution of ImMolar Complex in PBS=A012-93C 

Ligand=LotA011-97F 

Complex= Lot A01 2-87 

?H 0 P-H 



/_ j N — i 0 

°-£~-*~9-o 

0 N 

HN 
k^NH 2 



Molecular Weight =590.43 
Exact Mass =590 

Molecular Formula =C20H33N6O9Y 



Solution of ImMolar Complex in PBS=A012-92A 

Ligand=LotA011-97A 

Compl x= Lot A01 2-77 



0 O'H 



0- 

o. 




C> N n o- 

Molecular Weight =604.45 
Exact Mass =604 

Molecular Formula =C21H35N609Y 



HN 



Solution of ImMolar Complex in PBS=A012-92B 
Ligand=Lot A011-97B 
Complex=LotA012-79 

=0 



HN 



N N / 




NH, 



Molecular Weight =61 8.48 
Exact Mass =618 

Molecular Formula =C22H37N609Y 



Solution of ImMolar Complex in PBS= A012-92C 

Ligand=LotA011-97C 

Complex= Lot A01 2-81 




Molecular Weight =632.51 
Exact Mass =632 

Molecular Formula =C23H39N609Y 



Solution of ImMolar Complex in PBS= A012-93A 

Ligand=LotA011-97D 

Complex= Lot A012-83 

^- ,0 .H 



3 -f-.^._g_. 0 - 

C- N N / 



Solution of ImMolar Complex in PBS= A012-93B 

Ugand=LotA011-97E 

Complex= Lot A01 2-85 

O N N / 

HN 



Molecular Weight =646.53 
Exact Mass =646 

Molecular Formula =C24H41N609Y 



Molecular Weight =660.56 
Exact Mass =660 

Molecular Formula =C25H43N609Y 
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Solution of ImMolar Complex in PBS=A016-13A 

Ligand= Lot A01 1-35 

Complex=LotA016-2 



H 2 N 




N •' N 



NH, 




Solution of ImMolar Complex in PBS=A016-13B 

Ligand=LotA013-17 

Complex=LotA016-4 




Molecular Weight =575.43 
Exact Msss —575 

Molecular Formula =C20H34N6O8Y 

Solution of ImMolar Complex in PBS=A016-14A 
Ligand= Lot A013-19 
Complex= LotA016-6 



Molecular Weight =575.43 
Exact Mass =575 

Molecular Formula =C20H34N6O8Y 



Solution of ImMolar Complex in PBS= A016-14B 
Ligand= Lot A01 3-25 
Complex* Lot A016-6 



b, 




rr\ 

^N j N 




NH 2 



HO 




o~c_._^„_„ 
.n \ n' 



7}" 0 



NH, 




a. 



Molecular Weight =631.54 
Exact Mass =631 

Molecular Formula =C24H42N608Y 



Molecular Weight =590.40 
Exact Mdss =590 

Molecular Formula =C20H31N5O10Y 



Solution of ImMolar Complex in PBS 3 A016-14C 
Ligand= Lot A01 3-27 
Complex* Lot A01 6-10 

o y 

/.^N } N — 1 




N ; N / 



H 2 N 



Solution of ImMolar Complex in PBS= A016-14D 
Ligand=LotA015-2 

NOTE: This is ComChem resin prepared RGDS 

NH O 

NH- O 



Molecular Weight =433.42 
Exact Mass =433 

Molecular Formula =C15H27N708 




Molecular Weight =618.46 
Exact Mass =618 

Molecular Formula =C22H35N5O10Y 



Compounds for Testing 

500 uL Solution of ImMolar Complex in PBS= A01 7-50E 



o- 



O N N 



NH, 



Molecular Weight =832.47 
Exact Mass =632 

Molecular Formula =C21H35N809Y 
500 uL Solution of ImMolar Complex in PBS* A017-50B 




Molecular Weight =660.52 
Exact Mass =660 

Molecular Formula =C23H39N809Y 



Confidential Information 

500 uL Solution of ImMolar Complex in PBS= A017-50A 

vr 

VHnr 




OH 



Molecular Weight =646.49 
Exact Mass =646 

Molecular Formula =C22H37N809Y 



500 uL Solution of ImMolar Complex in PBS= A017-50C 




500 uL Solution of ImMolar Complex in PBS= A017-50D 




Molecular Weight =674.55 
Exact Mass =674 

Molecular Formula =C24H41N809Y 



500 uLSolution of ImMolar Complex in PBS= A017-50F 
Control solution with Et3N and cyanamide 



OH 1 .795 mL of 1 mMolar RGDS deriv in PBS= A017-48PBS 



Molecular Weight =688.57 
Exact Mass =688 

Molecular Formula =C25H43N809Y 
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Solution of ImMolar Complex in PBS=A016-62A 
Ligand= Lot A013-67E 
Complex= Lot A01 6-54 




Molecular Weight =674.59 
Exdct Mdss =674 

Molecular Formula =C26H45N609Y 



Solution of ImMolar Complex in PBS=A016-62B 
Ligand=Lot A013-77 
Complex* Lot A016-56 




Molecular Weight =618.46 
Exact Mass =618 

Molecular Formula =C22H35N5O10Y 



Solution of ImMolar Complex in PBS=A016-62C 
Ligand= Lot A013-79 
Complex=LotA016-58 




Molecular Weight =646.51 
Exact Mass =646 

Molecular Formula =C24H39N5O10Y 
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Solution of ImMolar Complex in PBS=A016-62A 
Ligand=Lot A013-67E 
Complex= Lot A01 6-54 




Molecular Weight =674.59 
Exact Mass =674 

Molecular Formula =C26H45N609Y 



Solution of ImMolar Complex in PBS=A016-62B 
Ligand= Lot A013-77 
Complex= Lot A01 6-56 




Molecular Weight =618.46 
Exact Mass =618 

Molecular Formula =C22H35N5O10Y 



Solution of ImMolar Complex in PBS=A016-62C 
Ligand= Lot A013-79 
Complex^ Lot A01 6-58 




Molecular Weight =646.51 
Exsct Msss "*646 

Molecular Formula =C24H39N5O10Y 
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Solution of ImMolar Complex in PBS=A016-61A 
Ligand= Lot A013-67A 
Complex* Lot A016-46 




Molecular Weight =618.48 
Exact Mass =618 

Molecular Formula =C22H37N609Y 



Solution of ImMolar Complex in PBS=A016-61B 
Ligand= Lot A013-67B 
Complex* Lot A01 6-48 




Molecular Weight =632.51 
Exact Mass =632 

Molecular Formula =C23H39N609Y 



Solution of ImMolar Complex in PBS=A016-61C 
Ligand= Lot A013-67C 
Complex=LotA016-50 



Solution of ImMolar Complex in PBS=A016-61D 
Ligand= Lot A013-67D 
Complex=LotA016-52 




Molecular Weight =646.53 
Exact Mass =646 

Molecular Formula =C24H41N609Y 




Molecular Weight =660.56 
Exact Mass =660 

Molecular Formula =C25H43N609Y 
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Indianapolis, IN 46268 




National Cancer Institute 
Records Management Center 
Executive Plaza South T42 
6120 Executive BLVD 
Rockville, MD 20852 



Please find the original and two complete copies of our application for 
continuation/progress report for our grant entitled "Chelate Based Scaffolds (Chelabody) 
In Tumor Targeting". The grant number is R41CA92835. 

Please let me know if there is any additional information needed to secure the second 
year of funding for this grant. 

Thanks in advance, 




Joseph R Garlich, PLD. 
Chief Scientific Officer 



Ph.317-876-3075 Fax 317-872-1379 www.comchemtech.com 
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DIRECT COSTS 


65.399 


COSTS 

FACILITIES AND ADMINISTRATIVE COSTS 


32,700 


TOTAL DIRECT COSTS FOR NEXT PROJECT PERIOD (Item 9a, Face Page) 


$225,111 
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DETAILED BUDGET FOR NEXT BUDGET FROM 
PERIOD - DIRECT COSTS ONLY 


THROUGH 


GRANT NUMBER 


PERSONNEL (Applicant organization only) 


TYPE 

APPT 

(months) 


% 

EFFORT 

ON 
PROJ. 


DOLLAR AMOUNT REQUESTED (omit cents) 


NAME 

(Contractual Budget Purdue] 


ROLE ON PROJECT 


SALARY 
REQUESTED 


FRINGE 
BENEFITS 


TOTALS 


Mark Green, Ph.D. 


Principal Investigator 


12 


10.0 


11,263 


3,672 


14,935 


Alfred C. Dumaual 


post-doc 


12 


100.0 


30,150 


10,914 


41,064 


Carta Mathias 


Proj. Coord. 


12 


5.0 


3,086 


1.203 


4,289 








































































SUBTOTALS * | 44,499 1 


15,789 1 60,288 



CONSULTANT COSTS 



EQUIPMENT (Itemize) • 



SU PPLIES (Kemize by category) 

Assay costs, disposables, solvents, counting supplies 



5,111 



TRAVEL 



PATIENT CARE COSTS 


INPATIENT 






OUTPATIENT 




ALTERATIONS AND RENOVATIONS (Itemize by category) 





OTHER EXPENSES (Itemize by category) 



SUBTOTAL DIRECT COSTS FOR NEXT BUDGET PERIOD 


$65,399 | 


DIRECT COSTS 




CONSORTIUM/CONTRACTUAL COSTS eA/M1 AM ^ Mltmm - ^ere 

FACtLfTIES AND ADMINISTRATIVE COSTS 


32,700 


TOTAL DIRECT COSTS FOR NEXT PROJECT PERIOD (Item 9a, Face Page) 


$98,099 | 
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""GRANT NUMBER 



BUDGET JUSTIFICATION __ 

Provide a detailed budget justification tor those line Items and amounts that represent a significant change from that previously 
recommended. Use continuation pages if necessary. 
ComChem Technologies Inc. : The second year budget is completely in line with the budget previously 
recommended. 

Contractual Budget (Purdue University ): The second year budget for the contractual organization is 
completely in line with the budget previously recommended. 

♦The supporting scientists for ComChem's part of the budget marked by an asterisk are less than full-time 
employees. This allows ComChem to take advantage of the varied expertise found in these very experienced 
people (for example synthesis skills and analytical/complexation skills). ComChem would not be able to 
afford hiring both of these scientists fulltime so by employing them each half-time we can afford both on our 
budget and bring all of their experience to bear on this project. 



CURRENT BUDGET PERIOD 



FROM 



THROUGH 




Explain any estimated unobligated balance (including prior year carryover) that is greater than 25% of the current year's total budget 
The unobligated budget will not exceed 25% of the cunent year's total budget 
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BIOGRAPHICAL SKETCH 

Provide the following information for the key personnel in the order fisted for Form Page 2. 
Follow the samp! format for each person. DO MOT EXCEED FOUR PAGES. 



NAME 



Alfred C. Dumaual 



posmoNTrriE 

Postdoctoral Research Associate 



EDUCATION/TRAINING (Begin with baccalaureate or other initial professional eduction, such as nursing, and include postdoctoral training.) 



MSTITUTION AND LOCATION 


DEGREE 

(if applicable) 


YEAR(s) 


FIELD OF STUDY 


University of Notre Dame, IN 


B.S. 


1990 


Biology 


Purdue University, IN 


M.S. 


1993 


Biology 


Indiana University School of Medicine, IN 


Ph.D. 


2000 


Medical Biophysics 



A. Positions and Honors: 

Postdoctoral Research Associate, Purdue University, Department of Industrial and 
Physical Pharmacy 2001 -Present 

Development and screening of RGD peptide mimetics for the detection and treatment of brain 
tumors. 

Postdoctoral Research Associate, University of Virginia, Department of Pharmacology 

1999-2001 

Analysis of lipid raft formation during apoptosis and cell signaling. 
Characterization of the effects of lipid rafts on Annexin V binding 

Teaching Asstetantship, Indiana University-Purdue University at Indianapolis (IUPUI) 
Laboratory in Human Biology, Biology Department 1 997 - 1 999 

Human Biology, Biology Department 1998 - 1 999 

Introductory Biology Laboratory, Biology Department 1991 - 1997 

Introductory Biology, Biology Department 1 992 - 1 997 

HONORS: 

IUPUI Travel Fellowship, March 1998 
Phi BetaPsi, Fall 1996 

Teaching In Excellence Award (TERA), Indiana University-Purdue University at Indianapolis, 
Indianapolis, IN. April 1997 

Outstanding Graduate Teaching Assistant, Biology Department, Purdue School of Science at 
Indianapolis, Indianapolis, IN. April 1992 

B. Publications: 

1. Shaikh. S.R.. Dumaual A.C.. Jenski L.J, and Stillwell W. Lipid phase separation in phospholipid bilayers 
and monolayers modeling the plasma membrane. Biochimica Biophysica Acta 1512(2):317-28 (2001). 

2. Dumaual A.C. Jenski, L J. and Stillwell, W. Lateral phase separation in docosahexaenoic acid-enriched 
PC monolayers. Biochimica Biophysica Acta 1463:395-406 (2000). 

3. Stillwell, W., Jenski, L.J., Zerouga, M. and Dumaual A.C. Detection of lipid domains in docosahexaenoic 
acid-rich bilayers by acyl chain-specific FRET probes. Chemistry and Physics of Lipids 104(2):1 13-132 
(2000). 
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4. Schoefield, M., Jenski, L.J., DumauaL A C. and Stillwell, W. Cholesterol versus cholesterol sulfcte: 
Effects on properties of phospholipid bilayers containing docosahexaenoic acid. Chemistry and Physics of 
Lipids 95:23-36 (1998). 

5. Stillwell, W.. Dallman. T.. DumauaL A.C.. Crump. FX and Jenski L.J. Cholesterol vs. ot-tocopherol: 
Effect on properties of bilayers made from heteroacid phosphotidylcbolines. Biochemistry 35: 1 3353- 
13362(1996). 

6. StillweU, W., Ehringer, W.D., rhimauaL A.C. and Wassail, S.R. Cholesterol condensation of a-linolenic 
and y-linolenic monolayers and bilayers. Biochimica Biophysica Acta 1214: 13 1-136 (1994). 

7. Stillwell, W., Wassail, S.R., DumauaL A.C.. Ehringer, W.D., Browning, C.W. and Jenski, L J. Use of 
merocyanine 540 (MC540) in quantifying lipid domains and packing in phospholipid vesicles and tumor 
cells. Biochimica Biophysica Acta 1 146:136-144 (1993). 

C. Research Support No current independent support 
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Grant Progress Report; OTHER SUPPORT 
Grant Application Number :lR41CA92835-02 
Grant Application Title: Chelate Based Scaffolds (Chelabody) In Tumor Targeting 

GARLICH, JOSEPH R. 

ACTIVE SUPPORT 

1R43CA96259-01 iM fl^i 10% 

NIH/NCI SBIR Phase I $160,600 
Targeted Delivery of Protectant p53 Inhibitors" 

The aim of this project is to prepare prodrugs of p53 inhibitors that target the bone marrow spaces in an 
effort to protect the bone marrow from chemotherapy and radiation therapy. 

PENDING SUPPORT 

1R43CA096080-01A1 iflHHtti 5% 

NIH/NCI SBIR Phase I $173,295 
"Anticancer Conjugates of PI3 Kinase Inhibitors" 

The aim of this project is to prepare prodrugs of PI3 kinase inhibitors in an effort to target them to the 
tissues where they are needed to sensitize tumor cells toward chemotherapy and radiation therapy. 

OVERLAP 

None of the pending or active grant support specific aims overlap with the application under 
consideration. 



GREEN, MARK A. 

ACTIVE SUPPORT 

R01-CA70845 10 27% 

NIH/NCI $240,000 
"Radiopharmaceuticals Targeted to Tumor Folate Receptors" 

The major goals of theis project are the deisgn, synthesis, and evaluation of folate-chelate conjugates as 
ehicles for tumor-selective radionuclide delivery (targeting a tumor cell membrane-associated folate 
eceptor). 

DE-FG01-01NE23O5O fllHHV S% 

US Department of Energy $93,600 

"Advanced Nuclear Medicine Initiative: Nuclear Pharmacy Educational Program" 

This project supports development of laboratory and clinical training opportunities for students and 
harmacists interested in practicing nuclear pharmacy. 
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Grant Application Number : 1R41CA92835-02 
Other Support (Continued) 

GREEN, MARK A- (continued) 
PENDING SUPPORT 

R01CA92403 20/ « 
NIH/NCI $200,000 
"PET Radiotracers to Evaluate Tumor Multidrug Resistance" 

This project focuses on the synthesis and evaluation of radiolabeled metal chelates as PET 
radiopharmaceuticals to image MDR1 Pgp transport function 

OVERLAP 

There is no overlap of the above grants specific aims with those of the current proposal under consideration. 



Page 8 



Printipal Investigator/Program Director (last, first, middle): Gariich. Joseph R. 



PROGRESS REPORT SUMMARY 


GRANT NUMBER 

CA92835-02 




PERIOD COVERED BY THIS REPORT 


PRINCIPAL INVEST IOA1 OR OR PROGRAM DIRECTOR 

Joseph R. Gariich 











APPLICANT ORGANIZATION 

ComChem Technologies Inc. 



TITLE OF PROJECT (Repeat title shown in Item 1 on first page) 

Chelate Based Scaffolds (Chelabody) in Tumor Targeting 

a! Human Subjects (Complete Rem 6 on the Face Page) ] " 

Involvement of Human Subjects Q No Change Since Previous Submission Q Change 

B. Vertebrate Animals (Complete Rem 7 on the Face Page) 
Use of Vertebrate Animals Q No Change Since Previous Submission O Change 

A. Specific Aims. Due to the Study Section's deletion of the originally planned animal studies the revised specific aims 
for the two year period of this grant are: 

1) Develop and communicate new solid-phase methodology for macrocyclic chelating agents. 

2) Prepare avB3 integrin antagonists based around conformational restricted chelating agent-metal ion complexes. 

3) Design, construct, and test multivalent avB3 integrin receptor binding molecules. 

We have made great progress in achieving #1 and #2. The third aim awaits additional progress in aim#2. 

B. Studies and Results. We have chosen the 1 ^.y.lO-tetraazacyclododecane-I^J.IO-tetraacetic acid (DOTA, 1) 
scaffold upon which to attach our molecular recognition units because of its known structural rigidity in solution coupled 
with its known in vivo stability with radioactive metal ions. The known required molecular recognition units for binding 
with the avB3 integrin receptor are an acidic group (such as carboxylic acid) and a basic group (such as an amine or 
guanidine) separated in space by 10 to 20 angstroms. The challenge is to synthesize DOTA-based chelating agents 
possessing acidic and basic pendant molecular recognition units with suitable orientation for avB3 binding. We have 
made tremendous progress in the synthesis of such chelating agents, have developed the synthetic protocols for library 
production, prepared a few final examples along the way, worked out complexation procedures with yttrium, and 
implemented and validated a biological avB3 binding test method for such complexes as summarized below: 
Modeling Studies: We have performed extensive molecular modeling studies in support of our aims. It should be noted 
that the crystal structure of the extracellular segment of the avB3 receptor with an arginine-glycme-aspartic (RGD) 
amino acid containing ligand was published in the April 5th (2002) issue of Science. We have been aW^to refine and 
confirm our modeling hypotheses using the crystal structure of the basic group of arginine (of the bound RGD ligand) 
relative to the acidic aspartic acid group with the following conclusions: 1) Different metal ion size in the metal-DOTA 
complex do not significantly effect the spatial dispositions of the acetate arm substituents (i.e. changing the metal from 
Y+3 to Ho+3 would allow us to us a different therapeutic radioisotope with the same RGD mimetic); 2) The substitution 
pattern of 1,4 vs 1,7 on the tetraazamacrocycfic ring using substituted acetate arms both give plausible candidates for 
RGD mimetics; 3) The different stereoisomers due to the chirality introduced by a substituent on the chelating acetate 
arm points the substituent into different space but depending on how one orients the complex into the avB3 receptor 
site all possible stereoisomers can be positioned to mimic RGD; 4) Conversion of one of the chelating arms to an 
amide instead of carboxyl leads to additional novel compositions that we have shewn can be potential RDG mimetics; 
Synthetic Progress: We have made good synthetic methodology progress and have created the first examples of 
macrocyclic chelating agents containing a pendant acid and a pendent basic group as possible RGD mimetics. 

We have completed the synthetic studies on the original proposed route to macrocycfic RGD chelator mimetics. 
Unfortunately this route suffered from premature cleavage from the solid phase resin coupled with extremely slow 
reaction rates. Additional work in traditional solution phase approach also indicated this route would be problematic 
even in solution phase. However, having performed these studies we were in a position to realize, based on the 
reactivity profiles we saw on solid support and in solution, just what chemistry would wo* to allow access to 
macrocyclic chelating agents containing a pendant acid and a pendent basic group as possible RGD mimetics. W 
have successfully pioneered two routes to such macrocyclic constructs. These routes are outlined in Figure 2 and 5. 

Figure 2 shows the solid phase approach that we have developed. This route starts with Wang solid phase resin (2) 
and utilizes attachment of a symmetrical diacid to the resin (representing the first variable input). The diacid is then 
coupled with key bis-amine intermediate 4 via one of the amine groups to give 5 and then the other amine group of 5 
can be left as-is or reacted further with a protected aminoacid (6) to extend outThe chain length to give I This 
construct is then cleaved from the resin by eioposure to triftuoroacetic acid which also deproteds the various amine and 
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carboxy preceding groups to yield the macrocytic chelator containing R6D mimetic groups (8). Ttie scale we are 
working in is such that we end up with 2 to 10 milligrams of final chelator 8 suitable for preparing the metal complex for 
biological evaluation. We have prepared the novel key intermediate 4 in our lab in multi-hundred milligram quantities. 
We have prepared the 1,7-substHuted tetraazamacrocycle precursorTo 4 (U) in multigram quantities by the rout 
shown in Figure 4 starting with commercially available cyclen (IS). This intermediate (4) represents a variable in chain 
length and orientation (i.e. 1 ,7 vs 1 ,4 substitution on the macrocycle ring). So far we hav successfully prepared a 
series of four bromo-compounds (13) in multigram quantities via the method shown in Figure 3 starting with amino 
acids, protecting with a phthalimido group, conversion to the acid chloride, bromination, and finally quenching in 
methanol. Reaction of excess bromo-compounds 13 with the disubstituted cyclen 18 gives good yields of the tetra- 
substftuted cyclen 14. Complete removal of all the protecting groups was effected in 6N HCI with heating for extended 
times to give the key bis-amine 4 which can then be attached to resin 3. Once bound to resin the free amine group of 5 
can be modified by chain extension using coupling of amine-protected amino acids (6, of which we have prepared five 
in multigram quantity) or the pendant amino group can be converted to a guanidine group (which we are still working on 
using various guanidinylating agents). Finally, we have demonstrated cleavage of such compounds (7) from the resin 
to give useful quantities of compounds represented by 8 We have been able to complex such resin cleaved product 
directly with yttrium metal ions. We are new cranking out the target compounds using these solid phase methods. The 
library size for this focused collection will be about 960 compounds using 12 diacids on resin (3), 4 brom<x;ompounds 
(13) , 10 amino-acids (6), and the two positional isomers of the macrocyclic ring (1,4-appended versus 1,7-appended). 

It should be noted that to make half of this library we also need access to the 1 .^substituted version of 1,7- 
substHuted compound 18. We have found a novel chemical route to multigram quantities of this compound (18) and 
have proven that it is the desired 1 .4-isomer. We will be submitting this route in the second year for publication. 

Because the modeling studies support the rationale of preparing compounds such as 25 as RGD mimetics we have 
worked out another synthesis using solid phase resin shewn in Figure 5. We have successfully completed the synthesis 
of one example of 25 just recently. We are now starting to make a library of about 80 compounds of this structure 
type(from 10 diamines, two positional isomers (1.4 and 1,7-substituted macrocycles), and four bromo-compounds). 
Com Die xat ion studies: We have successfully worked out aqueous complexation chemisty procedures for the RGD 
mimetic chelating agents with trivalent nonradioactive yttrium. 

Biological Assay Studies: A biological whole cell adhesion inhibiton assay has been developed to evaluate the 
synthesized macrocyclic RGD mimetics. This assay uses endothelial cells known to express avB3 receptors on their 
surface and also known to require vitronectin binding at the avb3 receptor to initiate adhesion processes. Vitronectin is 
coated on microliter plates and exposed to cell suspensions. Thus, as our target molecules compete with vitronectin for 
binding at the avB3 they will interfere with the adhesion process and we can quantify/rank their ability to do so. The 
amount of avB3 mediated adhesion is determined by cell staining with subsequent quantitation by uv absorbtion 
proportional to the amount of stain present. We have optimized this test with regard to vitronectin quantities, cell 
numbers, volumes, times, and the ceil staining process. We have validated this test with known avB3 antagonists 
(positive control) and known inactive analogs (negative controls). We have obtained IC50 values for known avB3 
antagonists that are comparable to those reported in the literature. Our adhesion inhibition assay is very similar to one 
published in last month in the April issue of Bioconjugate Chemistry verifying that using whole cells expressing th avB3 
receptor is a bioassay better linked to real world results versus the in vitro isolated receptor assays reported previously 
in the literature. We have run the first set of 12 target compounds (yttrium-complexes and free chelating agents) 
through our bioassay with no significant bioactivity so far. However, these first 12 compounds represent the fruits of the 
synthetic methodology work and not the best target compounds that we w9l be making as we prepare the libraries of 
compounds. 

C. Significance. Our synthesis methodology revolving around macrocyclic complexes displaying various molecular 
recognition groups is of high value and utility in nuclear medicine for both diagnostic (magnetic resonance imaging 
agents including imaging molecular processes and gamma imaging) and therapeutic purposes (radioimmunotherapy, 
radiopharmaceuticals employing transition and lanthanide metal ions). Our final active avB3 binding agents will be the 
first example of the chelating agent serving as the scaffold for biomolecular recognition of metal complexes. 

D. Hans. We will execute on the library production schemes described above to deliver target compounds, complex 
such compounds with yttrium and assay such complexes in our cell adhesion assay. We will also finish work on a 
bioassay using the same cell line that determines cell binding of our target molecules with the cell surface avB3 
receptors. This cell binding assay will utilize radioactive metal ligand complexes and the challenge is how to do this 
with the large number of library compounds. The multivalent binding specific aim (#3) will be started as soon as a 
suitably bioactive library member is identified. Our plethora of chemistry that we have worked out so far in our 
macrocycle synthesis win enable us to prepare such constructs. 

E. Publications. There have been no publications. There will be several submissions by the end of the second year 
as our focus in the first period has been to push through to get methodology to prepare target molecules. 

F. Project Generated Resources. Not applicabl 
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Figure 2: Solid Phase Synthesis of 
Macrocyclic Chelator RGD Mimetics 
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Figure 4; Preparation of Key DOTA Intermediate 
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Figure 5; Solid Phase Preparation of Amide-D03A Library 
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GRANT NUMBER 



CHECKLIST 



1. PROGRAM INCOME (See Instructions.) 



I sources). 



Budget Period 


Anticipated Amount 


Sourcefs) 






NONE 





2. ASSURANCES/CERTIFICATIONS (See Instructions.) 

The following assurances/certrficatiofts are made and verified by the 
signature of the Official Signing for Applicant Organization on the Face Page 
of the application. Descriptions cf tn<fivkiuai assurance certifications are 
provided in Section III of the PHS 398. If unable to certify compfiance, where 
applcable, provide an explanation and place it after this page. 

•Human Subjects •Research Using Human Embryonic Stem Cells •Research 
on Transplantation of Human Fetal Tissue -Women and Minority Inclusion 
Policy 'Inclusion of Children PoOcy Vertebrate Animals 

3. FACILITIES AND ADMINISTRATIVE (F&A) COSTS 

Indicat the appficant organization's most recent F&A cost rate established 
with th appropriate DHHS Regional Office, or, in the case of for-profit 
organizations, the rate established with the appropriate PHS Agency Cost 
Advisory Office. 



O DHHS Agreement dated: 



•Debarment and Suspension •Drug- Free Workplace (appScabie to 
new [Type 1] or revised [type 1] eppDcations only); •Lobbying •Non- 
Delinquency on Federal Debt •Research Misconduct -Civil Rights 
(Form HHS 441 or HHS 690): •Handicapped Individuals (Form HHS 
641 or HHS 690) •Sex Discrimination (Form HHS 639-A or HHS 690) 
•Age Discrimination (Form HHS 680 or HHS 690); •Recombinant DNA 
and Human Gene Transfer Research -Financial Conflict of Interest 
(except Phase I SBIR/STTR) 

•STTR ONLY: Certification of Research Institution Participation. 

F&A costs wiQ nof be paid on construction grants, grants to Federal 
organizations, grants to individuate, and conference grants. Follow 
any additional instructions provided for Research Career Awards. 
Institutional National Research Service Awards, Small Busln ss 
Innovation Research/Small Business Technology Transfer Grants, 
foreign grants, and specialized grant appfications. 

O No Faciinies and Ataincstrative Costs Requested. 



□ NO OHHS Agreement, but rate established with 



Date 



CALCULATION* 



Entire proposed budget period: Amount of base $ xRate appBed % = F&A costs $ 

Add to total direct costs from Form Page 2 and enter new total on Face Page, Hem 8b. 

•Check appropriate box(es): 

D Salary and wages base Q Modified total direct cost base Q Other base (Explain) 

I I Off-site, other special rate, or more than one rate involved (Explain) 
Explanation (Attach separate sheet, 8 necessary.): No Funds Requested 
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PERSONNEL REPORT 

Place Itiis form at the end of tha signed original copy of the application. Do not dupfcate. 



All Key Personnel forth Current Budget Period 



Name 



Degrees) 



SSN 



R to on Project 
(&g. PI, Res. Assoc J 



Date of Birth 
(UU/VD/YY) 



Joseph R. Garfich 
Mark Green 
Alfred C. Dumuaul 



[Ph.D. 
I Ph.D. 
Ph.D. 



499-50-2700 
308-68-1357 
317-88-7551 



PI 

| Subcontract PI 
Post-Ooc 



I 03/06/56 
I 09-10-56 
05/14/68 



Annual 
% Effort 



40.0 
10.0 
100.0 
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OMB No. 0925-0195 
Expiration Date 8/31/2001 


Department of Health and Human Services 


Leave blank — for PHSuse only. 


Public Health Service 


Type [Activity 


Number 


Small Business Technology Transfer Program 


Review Group 


Formerly 


Phas 1 Grant Application 

Foftow instructions carefully. 


Council Board (Month, year) 


Date Received 



Chelate Based Scaffolds (Chelabody) In Tumor Targeting 



9 smJOTATlON NO. PHS 2000-2 



PAR-01-091 FISIK 



3. PRINCIPAL INVESTIGATOR 



New Investigator 



3a. NAME (Last, first, mkkSe) 
Joseph R. Garlich 



5.A 



3d. POSITION TITLE 



Principal Investigator 



3f TELEPHONE AND FAX (Area coda, number, end extension) 
TCL: 317-581-1635 



FAX. 



317-823-7552 



35. DEGREE(S) 

~ 1 HH 




3e. MAILING ADDRESS fSfrw* cfly, state, zk coda) 
9731 Trilobi Drive 
Indianapolis, IN 46236 

BrTNET/INTERNET Address: 
joegarlich@TOl.com - 



4. HUMAN 
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Abstract of Research Plan 



NAME, ADDRESS. AND TELEPHONE NUMBER OF APPLICANT ORGANIZATION 

ComChem Technologies, inc. 
973lTrilobi Drive 
Indianapolis, IN 46236 
117-823-0732 



YEAR FIRM FOUNDED 2000 



NO. OF EMPLOYEES (include aff effifiates) 3 



TITLE OF APPLICATION 



Chelate Based Scaffolds (Chelabody) In Tumor Targeting 



KEY PERSONNEL ENGAGED ON PROJECT 



NAME 



ORGANIZATION 



ROLE ON PROJECT 



Joseph R.Garlich, Ph.D. 
TBA 

TB A, Ph.D. 
Mark Green, Ph.D. 
Carla Mathias 
TBA, Ph.D. 

Donald L. Durden, M.D. ,Ph.D. 



ComChem Technologies, Inc. 
ComChem Technologies, Inc. 
ComChem Technologies, Inc. 
Purdue University 
Purdue University 
Purdue University 
Indiana University 



Principal Investigator 
Reseach Scientist - - - - 
Senior Research Scientist 
Co-Investigator 
Project Coordinator 
Post-doc Researcher 
Co-Investigator 



ABSTRACT OF RESEARCH PLAN: State the application's broad, long-term objectives and specific aims, making rcfei^tottoh^ 
relatedness of the project Describe concise* the research design and methods for achieving these goals and discuss the potential of the 
researchtatechnotogM 

as a succinct and accurate description of the proposed work when separated from tto 

b, wi9 become public information. Ttm*for% do not btdud* proprietory or confide formation. DO NOT EXCEED 200 WORDS. 
The current paradigm in therapeutic nuclear medicine is to optimize receptor binding molecules and then add on a 
moiety capable of carrying a radioisotope. This "afterthought" modification process results in suboptiraum 
performance for such agents when dealing with molecules smaller than monoclonal antibodies. 

A new concept proposed here is to utilize the properties of chelating agents to build in the desired recognition 
functionalities. The conformationally restricted metal-ligand complexes proposed herein offer the opportunity to 
attach molecular recognition units in a certain three-dimensional spatial arrangement that will allow the molecule to 
mimic protein-protein (or peptide-receptor) binding interactions such as those found in antibody-antigen recognition. 

Synthetic molecules that mimic antibody-antigen recognition are known as chemobodies. The new approach in this 
proposal gives rise to a subset of chemobody molecules hereby termed chelabodies to reflect the critical role that the 
conformationally restricted metal-ligand complex plays in creating the molecular recognition event 

This concept presented here is broadly applicable to receptors in general but will focus on designing (molecular 
modeling), synthesizing (through combinatorial methodology), screening (in vitro) and optimizing metal-ligand 
complex-based antagonists of the OvP 3 receptor that will deliver therapeutic radioactive metal ions to the 
neovasculature of ajfiy receptor-positive cancers. 



ProvWe key words <8maxi^ 

Combinatorial, chelabody, anticancer , compl ex, chelating agents, integrins, radiotherapy m 

Pipvideabriefsmroryofthep^ — 

The proposed work is aimed at the discovery, optimization and initial development of a tumor localizing therapeutic 
radiopharmaceutical drug that targets Ovfr receptors in new blood vessels required for tumor growth. The 
methodology proposed (combinatorial chelating agent synthesis methodology) is likely to be broadly applicable to 
address targeting other ceil surface receptors. 
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Yearl 



Principal Investigator (Last, first middle): 



Garlich, Joseph R. 



Budget of Applicant Organization for 
Phase l«-Pirect Costs Only 



FROM 




NAME 



Rote on 

Project 



Type 
Appt 
(months) 



% 
Effort 
on 
gpjeg 



Institutional 
Base 
Salary 



DQLUR AMOUNT REQUESTED (omit cents) 



Salary 
Requested 



Fringe 



TOTALS 



Joseph R. Garlich, Ph.D. 



P.I 



12 



15 



120,000 



TBA, M.S. 



12 



100 



72,000 



72,000 



14,400 



86,400 



TBA, Ph.D 



Senior Res 
Scientist 



12 



15 



96,000 



14,400 



2,880 



1730 



SUBTOTALS < 



86,400 



1730 



103,680 



CONSULTANT COSTS 



EQUIPMENT (Itemize) 



SUPPLIES (teniae by category) 

$13,000 Chemicals and combinatorial chemistry supplies 
$3,000 Glassware 



16,000 



TRAVEL 



PATIENT CARE COSTS 



I inpatient 



1 Outpatient 



CONTRACTUAL COSTS 

Subcontract with Dr. Mark Green of Purdue University for $108,631 
Subcontract with Dr. Don Durden of Indiana University for $21,000 
(see budget numbers in Dr. Durden's support letter) 

Total contract costs = $108,631 + $21,000 = $129,671 



$129,671 



OTHER EXPENSES (Itemize by category* 



TOTAL DIRECT COSTS (Also enter on Face Page, item 7a) 



249351 



FIXED FEE REQUESTED 



OT>CR SUPPORT (see instructions) PHno Dyes 

Paop^ 



Year 2 



Budget of Applicant Organization for 
Phase I— Direct Costs Only 



Principal Investigator (Last, first, mHtoTe): Garlich, Joseph R 



NAME 



Rote on 
Project 



Type 
Appt 



% 
Effort 

on 
Project 



FROM 



Institutional 



Salary 



DOLLAR AMOUNT REQUESTED (omS cents) 



Salary 
Requested 



Fringe 
Benefits 



TOTALS 



Joseph R. Garlich, Ph.D. 



P.I 



12 



15 



127,200 



TBA, M.S. 



ejearch 
cientist 



12 



100 



76320 



76,320 



15,264 



91,584 



TBA, Ph.D 



Senior Res 
Scientist 



12 



25 



101,760 



10,176 



2,035 



12,211 



SUBTOTALS 



86,496 



17,299 



103,795 



CONSULTANT COSTS 



EQUIPMENT (Itemize) 



SUPPLIES (ftemtoe by category) 

$12,500 Chemicals and combinatorial chemistry supplies 
$2,500 Glassware 


15,000 


TRAVEL 




PATIENT CARE COSTS 









CONTRACTUAL COSTS „ 

Subcontract with Dr. Marie Green of Purdue University for $1 13,222 

Subcontract with Dr. Don Durden of Indiana University for $ 1 8,00 1 
(see budget numbers in Dr. Durden's support letter) 

Total contract costs « $1 13,222 + $18,001 = $131,223 



$113,223 



OTHER EXPENSES (Itemize by category) 



TOTAL DIRECT COSTS (Aiso enter on Fece Page. Item 7a) 



: 250,018 



FIXED FEE REQUESTED 



OTHER SUPPORT (see instructions) ©NO Dyes 
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ftwprt iwittgatar run fm tpidtttj: Ca r 1 ic h , J s e p h R. 



Budget of Research Institution for Phase I 



10: 



NAWE AND ADORES* 0* RESEARCH WSTTTimON 

Purdue University, Vest laf< 


tyccce 


• w 








NAME 


Roll on 


t*» 


Effort 
on 
Projict 


fotftubna) 


DOLLAR AW O 

ftafsy 
Requested 


UKTREQUI 
Fringe 


iTED lontf cants) 
TOTALS 


Mark Groan, Ph.D. 


P.I. 


12 


10 


110,600 


11.060 


3,235 


U.295 


TBA, Ph.D. 


PosT=35Z 
search* 


r 12 


100 


30,000 


30.000 


5.700 


35.700 


Carla Mathias 


F*6jdce 

Coardinat 


or 12 


5 


61,900 


3,095 


639 


3,734 


































*tiurnT+i f 




J>.574 




CONSUL WT COSTS 1 









EQUIPMENT f*iflt&«f 



SUPPUC3 fffe/nfc* ay aiaQay) ' — - 

$8,718 - Isotope procurement 
^10,000 - Assay costs, dispo sables > solvents, counting supplies 



18,718 



WENT CARS COSTS 
„ lOutpittani 



CONTRACTUAL COSTS 



OTHER EXPENSES fJamai 6y ci/#oo/yj 



TOTAL DIRECT COSTS 



* 72,447 



WOtfteCT COSTS (show utaijttan) 

172,447 x 0.50 - 136,224 



TOTAL COST! {Abo *tv« Xo*l*oftfe/Coiti'ofl Sod?* cfAfpkmt Ojp/ta»fe>-fem ptg» 3} 



?6t224 



$108,671 



CCATVICATIOM OF RESEARCH iMSTTTUTION PARTICIPATION 
Thmaji ma ipnatoa hatew aft»a\rfy aaOwrtfri Npaaa*ae* of Bit 
nuofofc tnattukm on Ml tuigal paoja. and ay w*y ol 0m al(puajfa of 0ia 
^^Af •^ r,oi e •OpfaaM eigarttalon (sr«afl taJtinata oonoam) cm via 
'■8* of m ippicsfoR. tm ctmS tMtneu COACtfl Ofld IVIMnfl 
intfBAn carVy**jynct m tit napooa* am (aataat aal ba avatar** 
Jo Or am4 MmM and fw raiaawh Mutta* fa 

aoHaat «0 aaaa* ofo* mm ««b« aarfanmdoy lha auatoasi 
«OflcaM Ml *al litt Uian 30 pwrt of tfta mi aJ9 W partwwad by Ola 
«u«k* tMUbjOen raot$anl*a maar* a** ft*Trfop*»*r* fttha pn> 
aoaad em nqfra to a aoopanfra laaanft or aMa aa a anrf aW ap fr a* 

aprt^TVM Aiy Mf*^diO|u»MntBoVa IfrtftWNw 

A/t) /i i fa T - Plane Troyar 



parft*** *y ra Naaaran htftaflgn fravfernvncaef *«aaaji»arta*B^fr 

pwtarood oy aaca w. t» mafl busktau caiKa* »■ ba t» v*wy 
P«tr MMajavdta nwueanauiafladtatneoontel offca Ntwajw 
of *a piaJaaL f ow raaaanji talaJan a • wikiaa^iriM aojajy 
**dad taMaroti anl aawalop«a^ tartar. «sa duy ■vO^qm) fapiasaiaa. 

of aw fracfcy apaa K aa la mrat y amaad fw»tt and aavalcoraara 
canlv carfM aovttoaa^ t: («) k *aa ton oroj^^ 
b»>faatoia»Ovalo#iagrTRa>DyaK(al«nrt 

Ofpjod traq^i m4 paHo»«Na4 w art aTTR aflAncy of p^f^aU aooan to 
•TTR aaawy parte^nal h fea aawatofmaM of BTTR \ywi •opflcaflanc 
and (B) iaad oUt^* poor lawtaw. ai appiaprwa. la wrttuaii 9ia orcpoMd 
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Prtrcfp* tflvtuipttg am rut. m*e* , Carllch, Joseph R. 



Budget f Research Institution for Phase I 



PROM: 



TO: 



NAME AND ADDRESS OF RESEARCH N3TTTVTON 

Purdue University, Heat Lafayette, IK 47907 



PERSONNEL 



NAME 



Wbrt 
on 
picket 



ifttdtufloMt 
Bass 
Sttory 



POltAR AMOUNT REQUESTED M c-tUj 



S**fy 



etntmt 



TOTALS 



Hark A. Green, Ph.D 



P.I. 



12 



10 



TBA. Ph.D. 



rost-doc 
leaaarchek 



116.130 



11,613 



3,397 



15*010 



12 



100 



31.800 



31.800 6,042 



37,842 



Carla Mathlas 



Project 
:oordlnatbr 12 



6*, 380 



3,219 



665 



3,684 



SUBTOTALS . 



46,632 10.104 



36,736 



COWSU.WT COSTS 



EQUIPMENT flfemwj 



SUPP-ICS (ton** 6y CMtwgoy) 

$8,7 ~ 



_,745 - Isotope procurement 

110,000 - Assay costs, disposables, solvents, counting supplies 

TRAVEL 



18,745 



PATIENT CARE COSTS 
CONTRACTUAL COSTS 



tnpidtr* 



OTHER EXPENSES (Hamfea b r ovft^ 



TOTAL ORSCr COSTS 



* 75,481 



NOIRECT COSTS (i*o* cafertfeflj 

$75.481 x 0.50 - f37,74l 



?7|741 



TOTAL COSTS (A» v*«r m t&fltw^ CD*i*on Jv^tf otA&icMri Qtgamtion- hmfiw 3) 



$113,222 



CERTIFICATION Of RESEARCH WSTTTVPOR PARTKlPfcTlOH 
ThtM* tfc« rv*kn b*M of ** Mr MKhotttttf rt*«Ml*tf* Ol t» 
fetfftt* ittdLAn m rU bujojl MQl wd by * *• a***"* of Ha 
offidtf tio*« * tepieim waartafloa (pan ***** coram) on tu 

Mtudbfi c^ib^ti*(1>fWpfapo^STTROf8jia«eBfBBP«rt 

fMMNfi MMbiBtti fop»wi*w nmnft onJ dwrtopranrt 0) 
pewrf sttr pnflNi » • anpmi+m iwnA o? ramn aw*ocff»w 




ptffarmtd by fw mo*** ?pm*m^i*rmm** 

ng^EiMwBoiwdMnanoQMWJfiaiotti^ 

17 fw p*oa ■ t» msmcfi to a conwaar-oporii* ltd"** 

a* of f» owMk^M frailly h«W rm*n* a* ***2"*5 
emrortte. odftfaMK Ml* <4)t» I*" 
Mgwto whaw to STTR proqwR p) *3 aotuM p rM ip at frfcngaon 
fttrwd prouoik Nit p#i(Bin»d fcf *l STTR Of ^**5**22L!!J 



tyTcrtr* 



Diane Trover 



TIM 

Assistant DirecCQ 
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Budget Justification . 

Using conttiuatioo pages if necessary, describe the specific functions of the personnel and consonants. Read me instructions and justify costs 

according. , 

Applicant Organization Pers nnel: 

Joseph R. Garlich, Ph.D., Principal Investigator, will contribute 1 5% of his time (and no salary as his 
compensation be leverage money supplied by CCTI) and will assist in the experimental design and. implementation 
of synthetic work, both traditional and combinatorial (solid-phase) and supervise and coordinate the experimental 
studies. Responsible jointly with Dr. Green/Dr. Durden for interpretation of the data and providing project direction. 

7BA, Ph.D., Senior Research Associate., will be skilled in organic synthesis (solution and solid phase) and 
have molecular modeling expertise. This position will contribute 15% of time to the project performing hands-on 
solid phase synthesis, experimental design, and molecular modeling studies. 

TBA, M.S., Research Associate, will be skilled in organic synthesis (solution and solid phase) with some 
experience in complexation chemistry and will be well versed in analytical instrumentation and purification methods. 
Will be responsible for developing solid phase protocols and production and purification of combinatorial libraries 
of target molecules. 
Research Institutions Personnel: 

Donald Durden, M.D., Ph.D., Co-Investigator at Indiana University will assist in designing av(J3 bioassays, 
interpretation of results, biochemical pathways, and serve as an expert on vascular biology. Although his time + 
commitment (7%) is modest the expertise he brings to the biological assessment is critical. 

Dr. Mark Green, Ph.D., Co-Investigator at Purdue University, will contribute 1 0% of his time in the 
experimental design of the project including the chelator design, bioassays, radioisotope labeling, and interpretation 
of the experimental results. 

TBA, Ph.D., Post-Doc researcher at Purdue will conduct the biochemistry and medium-throughput bioassays, 
perform experimental design, data collection, presentation and interpretation. 

Carla Mathias, B.A., Project Coordinator at Purdue, will serve, by benefit of extensive radiopharmaceutical 
laboratory experience, as coordinator and participant in the design and implementation of the radiochemistry studies 
including complexation and analyses thereof. 



Resources 



FACOmES: Spedfy the facilities to bo used for to 

business concern and its coBaborators must be in tadBte that are tivailabte to arid unto 

^Tpcrton of the proposed project) IrxScata their capacities, pert**** capabilities. reteSve proximity, and extent of w"**^"^ 
n^Wide laboratory. dWeal, arml. computet, and office tecStJes al the rt^™***^*^*?* ^L^^ZZa 
sfeisted on the FACE PAGE, identify support services such as secretarial, machine shop, eteetrones shop, and the extent to which they win 

ftSBS tfflfii raCflBaS (WesfSfayette, Indiana) is less than a 2 hour drive from the Indianapolis 
facility of CCTI. Major shared instrumentation and facilities are available within the School of Pharmacy. The 
Combinatorial Chemical Biology Center is in the same building and will be a resource for the biological screening. 
In Dr. Green's research laboratories support equipment includes automatic counting systems, TLC radiography 
equipment and HPLC systems with radiometric detectors. Dr. Durden's research laboratory is in the Cancer Research 
Institute located at Indiana University in Indianapolis, a 20 minute drive from CCTI. His equipment available for this 
project includes molecular and cell biology equipment such as ultracentrifuges, scintillation counters, gamma counter, 
gel dryers, incubators, and flow analysis instrumentation. 

Applicant Organization; ComChem Technologies (CCTI) will have in place at its facility standard synthesis 
equipment but more importantly will have equipment for combinatorial chemical synthesis (solution and solid- 
phase), both protocol development and library production tools (parallel reaction equipment, automated LCMS, 

software, liquid handler, etc.). . + 

MAJOR EOWPMEWT: list the most important equipment items already available for Ws project, noting the location and pertinent capawmes 
of each. Research Institutions: NMR (multinuclear Varian VXR-500 MHz, Broker ARX 300 MHz); Mass Spect 
(MAT L95 HRMS, Finnigan 4000 for EI/CI, and Thermoquest LCQ with electrospray and LOMS/MS); Beckman 
DU7-HS U.V. spectrometer, Nicolet FT-IR; and several scintillation counters. The Combinatorial Chemical Biology 
Center houses a Tecan Spectrafluor Plus, Biolmage Intelligent Quantifier (IQ) for blot analysis and colony counting, 
PD1 Discovery Series Scanner.Densitomer, Beckman LS1801 beta counter, Packard microplate scintillation and 
luminescence counter, and Molecular Dynamics STORM Phosphorimager. Applicant Org.: CCTI has Shimadzu 
pre paratory and analytical HPLC-MS systems with ESI/APC1 capability and evaporative light scatt ering detector. 

Pwa 6S46-3 mm. 1/9e> T Peoe4 ■*■ 
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Principal Investigator: Gariich, Joseph R. 
Joseph R. Gariich President and Chief Scientific Officer 

J 1 ComChem Technologies Inc. 

f4Tty t ^"" dL orarion Pegree X£i£(s) Field pf Study 

University of Missouri, Columbia, MO BA 1974-78 Chemistry 

University of Missouri, Columbia, MO BA 1974-78 Biology 

University of Missouri, Columbia, MO Ph.D. 1978-82 Organic Chemistry 

Utir^ersityofRorida,C^inesville,FL (Post-Doc) 1982-84 Medicinal Chemistry 
Professiona l Experience; 

2000-present President, founder, and Chief Scientist of ComChem Technologies, Inc., 

Indianapolis, IN. Drug discovery/development using combinatorial chemistry. 

1 997-2000 Research Scientist, Combinatorial Chemistry-Lead Generation, 
DowAgroSciences, Indianapolis, IN. 

1995-1997 Research Scientist, Discovery Research Department, DowElanco, 
Indianapolis, IN. 

1993-1995 Research Associate, Designed Chemicals R&D Department, Dow 

Chemical Company, Freeport, TX 
1990-1993 Research Leader, Designed Chemicals R&D Department, Dow 

Chemical Company, Freeport, TX. 
1987-1990 Project Leader, Functional Chemicals Research Department, Dow 

Chemical Company, Freeport, TX. 
1984-1987 Senior Research Chemist, Organic Process Research Department, Dow 

Chemical Company, Freeport, TX 
Honors an d Awards: 

1 992 Gulf Coast Scientists Texas Inventor of the Year Award, Dow Chemical 
1992 Gulf Coast Scientists Award For Excellence in Science, Dow Chemical 
1997 DowElanco Discovery Recognition Award for Excellence in Problem Solving 
SKT.F.CTED BI BLIOGRAPHY: 

DeAmicis, C.V., DrippsJE., Gariich, J.R., Hatton, C.H., Hill, R.L 'Thotochemical Stability of Spinosad and 
Semi-synthetic Spinosp Derivatives"]. Agr. Food Chem. Submitted 2001 

Grouse, CD., Sparks, T.G, Schoonover, J., GiffordJ., Dripps.J., Bruce,T, Larson, LL, GadrchJ., Hatton, U, 
HiB, R-L, Worden, TV., Martynow, J.G. "Recent Advances in the Chemistry of Spmosyns , Pest 
Management Science, in press, 200L . 

MescScL! WA, Davis, LN, Dick, MJL, Gariich, JJL, Martin, EJ-, On, N..N& S.C., Pemich, D.J., linger, S.H., 
Watson, G.B., Zuckamann, R.N., "The Application of Combinatorial Chemistry m Agrochemical 
Discovery", ACS Symposium Series 774; Agrochemical Discovery, pp 205-21 3, 2001 

Cooper D.H, Gariich, JJL, Ritzier, S. "Solution Phase Parallel Synthesis of a 1408 Member Library of 

Phospbonic Acids and Esters, Poster presented at the 1st Annual Indiana ACS Poster Session, Indianapolis, 
Indiana, October 9, 2000. . 

Gariich, J.R., Ritzier, S.J. "Novel Nudeophilic Cleavage Agents", Poster presented at the 5 Annual High 

Throughput Synthesis Symposium, San Diego, CA., February 11, 2000. , . , 

Invited Seminar, IUPUI Department of Chemistry, "Combinatorial Chemistry Applications in Agrochemical 

Discovery", January 26, 2000. .. 
Gadich, J.R. , "Studies and Analogs of a Triglycine Lead Molecule", poster presented to the 37 Nanonal 

Organic Chemistry Symposium, Madison, Wisconson, June 14, 1999. 
Bayouth, J., Macey, D., Kasi, L, Gariich, J., McMillan, K-, D^P 0 ^^?^^' .... 
"Pharmacokinetics, Dosimetry and Toxicity of Holmhim-166-DOTMP for Bone Marrow Ablation 
Multiple Mydoma", Journal of Nuclear Medicine, Volume 36, pp. 730-737, 1995. 
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Principal Investigator: Garlich, Joseph R. 
Champlin, R, Dimopoulos, M., Bayouth, J., Macey, D, Kasi L., Pnepiorka, D, Pololoff, D., Garlich, J., 

Simon, J., Alexanian, R "Holrnhim-166 DOTMP, A Bone Seeking Radiochelate For Selective Marrow 

Radiotherapy With Bone Marrow Transplantation (BMT) For Multiple Myeloma", presented by Dr. 

Champlin at the International Society of Experimental Hematology, Rotterdam^tember 1993. 
Ghiron, J. Volkert, W A, Garlich, JR, "Determination of Lesion to Normal Bone Uptake 

Ratios' of Skeletal Radiopharmaceuticals by QARG", Nuclear Medicine and Biology, Volume 18, pp. 

235-240,1991 

Parks N.T., Kawakami, T.G., Homoff, W., Fisher, P., Gadich, J.R, Simon, J., and Champlin, R, 

"Bone Marrow Transplantation in Dogs After Radioablation with a Ho-166 Amino Phosphonic Aad 

Bone-Seeking Agent (DOTMP) ".Blood, Volume 82, pp 318-325, 1993. 
Garlich, J.R, " « M Ho-DOTMP:.A.New Agent For Bone Marrow Ablation" Presented at the 

Fortieth Annual Meeting of the Society of Nuclear Medicine, June 8, 1993, Toronto, Canada. 
Garlich J.R, "Chemistry of Novel Macrocydic Aminophosphonic Acid Chelates of Rare Earth 

Radionuclides and Their In-Vivo Biodistribution". Presented at the Fortieth Annual Meeting of the 

Society of Nuclear Medicine, June 8, 1993, Toronto, Canada. 
ISSUED UNITED STATES PATENTS: 
1 Bone Marrow Suppressing Agents 4,882,142 (11/21/89) 

2. Method For Purifying Aminomethylenephosphonic Acids for Pharmaceutical Use. 4,937,333 

3. Bone Marrow Suppressing Agents. 4,976,950 (12/11/90) 

4. Macrocyclic Aminophosphonic Acid Complexes For the Treatment of Calcific Tumors. 5,059,412 
(10/22/91) 

5. Macrocyclic Aminophosphonic Acid Complexes, Their Formulations and Use. 5,064,633 (11/12/91) 

6. Radiolabeled Metal-Binding Protein for the Treatment of Arthritis. 5,133,956 (7/28/92) 

7. Oral Compositions for Suppressing Mouth Odors. 5,286,479 (2/15/94) 

8. Organic Amine Phosphonic Acid Complexes for the Treatment of Calcific Tumors. 5,300,279 (4/5/94) 

9. Phytate Antimicrobial Compositions in Oral Care Products. 5,300,289 (4/5/94) 

10. Method of Treating and/ or Diagnosing Soft Tissue Tumors. 5,308,606 (5/3/94) 

11. Oral Compositions for Inhibiting Calculus Formation. 5,318,772 (6/7/94) 

12. Oral Compositions for Inhibiting Plaque Formation. 5,320,829 (6/14/94) 

13. Complexes Possessing Ortho Ligating Functionality. 5,342,604 (8/30/94) 

14. Radioactive Compositions for Soft Tissue Tumors. 5,342,925 (8/30/94) 

15. Macrocyclic Conjugates and Their Use as Diagnostic and Therapeutic Agents. 5,435,990 (7/25/95) 

16. Macrocyclic Ligands and Complexes. 5,652^61 (7/29/97) 

17. Complexes Possessing Ortho Ligating Functionality and Complexes Thereof. 5,696,239 (12/9/97) 

18. Conjugates Possessing Ortho Ligating Functionality. 5,714,631 (2/3/98) /j/ii/om 

19. Bicydopolyazamacrocydophosphonic Acid Complexes for use as Contrast Agents. 5,739,294 (4/14/ y») 

20. Bicydopolyazamacrocydophosphonic Add Half Esters. 5,750,660 (5/12/98) 

21 Macrocyclic Tetraazacydododecane Conjugates and Their Use as Diagnostic and Therapeutic Agents. 

5,756,065(5/26/98)' 
22. Frozen Radiopharmaceutical Formulations. 5,762,907 (6/9/98) 
PUBLISHED PENDING FOREIGN PATENT APPLICATIONS: 
1 Carbonyl-Containing Degradable Chelants, Uses, and Compositions Thereof (EP-522547-A2; 

1/13/93). 

2. Targeted Delivery of Growth Factors for Bone Regeneration (PCT Int. AppL WO 94/00145, 1/6/94). 

3. Bicydopolyazamacrocydophosphonic Adds, Their Complexes and Conjugates, for use as 
Contrast Agents, and Processes for their Preparation (WO 94/26754. 11/24/94). 
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Professional Positions: . nt 

9rt 8-8/82 Associate Instructor and Research Associate, Department of Chemistry, Indiana University, Bloomington, IN. 

Research advisor. Professor Kenneth G. Caulton. 
8/82-6/85 Postdoctoral Research Associate with Professor Michael J. Welch, Department of Radiology, Washington 

University School of Medicine, St Louis, Missouri. 
7/85-7/87 Assistant Professor, Department of Radiology, University of Minnesota Medical School, Minneapolis, 

Minnesota. Joint appointment, College of Pharmacy, Department of Medicinal Chemistry. 
7/87-6/90 Assistant Professor of Nuclear Pharmacy, Department of Medicinal Chemistry and Pharmacognosy, School of 

Pharmacy and Pharmacal Sciences, Purdue University, West Lafayette, Indiana. 
3/90-present Adjunct Faculty Appointment, Department of Radiology, Indiana University School of Medicine, Indianapolis, 

Indiana. 

7/90-6/94 Associate Professor of Medicinal Chemistry, Division of Nuclear Pharmacy, Department of Medicinal 
Chemistry and Pharmacognosy, School of Pharmacy and Pharmacal Sciences, Purdue University, West 
Lafayette, Indiana. 

7/94-nresent Professor of Medicinal Chemistry, Division of Nuclear Pharmacy, Department of Medicinal Chemistry and 
Molecular Pharmacology, School of Pharmacy and Pharmacal Sciences, Purdue University, West Lafayette, 
Indiana. 

Awards and Other Professional Activities: 

TweltoTetalman Memorial Award, The Society of Nuclear Medicine, 1992 ot „ n „ t T . D - 1077 

NIH Research Career Development Award, from the National Heart, Lung, and Blood Institute, 8/86-7/91; Tau Beta Pi, 1977 
American Chemical Society, 1977-present; Society of Nuclear Medicine, 1983-present; Sigma Xi, 1988-present; 
International Society of Cerebral Blood Flow and Metabolism, 1991 -present; Institute for Clinical PET, 1991 -present 
American Association for Cancer Research, 1997-presenL Society for Nuclear Imaging in Drug Development, 2000-presenL 

Most Recent Publications Relevant To This Proposal (from a total of 92): 

"Synthesis of Compound Libraries Based on 3,4-Diaminocyclopentanol Scaffolds," J. Comb. Chem., 2:297-300; 2000. Y. Guan, 

M*A. Green, and D£. Bergstrom. 
-Novel galliiimflll) complexes transported by MDR1 P-glycoprotein: potential PET imaging agents for probing ?^pr^ 

rnediatedtrans^ Chemistry and Biology. 7:335-343; 2000. V. Sharma, A. Beatty, S J>. Wey, L. Bass, CL. 

Crankshaw, MA. Green, M J. Welch, and D. Piwnica-Worms. 
"Synthesis of [""Tcl-Tc-DTPA-Folate and Its Evaluation as a Folate-Receptor-Targeted RadiopharnTaceutical," BioconjugaH 

Chemistry 11:253-257; 2000. C J. Mathias. D. Hubers, P.S. Low, and MA Green. 
"A Kit Formulation for Prepantion of [i»In]In-DTPA-Folate, a Folate-Receptor-Targeted Radioptonrnceuticai; NucL Med 

BioL, 25:585-587; 1998. CJ. Mathias and M.A. Green. 
"Receptor-Mediated Targeting of 67 Ga-Deferoxamine-Folate to Folate-Receptor-PosiUve Human KB Tumor Xenografts,* NucL 

Med BioL, 26:23-25; 1999. CJ. Mathias, S. Wang, P.S. Low, DJ. Waters, and MA Green. 
-Evaluation of m u>OTPA-Folate as a Potential Folate-Receptor-Targeted Radiophanriaautical," / NucL Med. 3*13 '^w, 
1998. CJ. Mathias, S. Wang, DJ. Waters, J J. Turek, P.S. Low, and MA. Green. 
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"Structure-Activity Relationships for Metal-Labeled Blood Flow Tracers: Comparison of Ketoaldehyde 

Btfthioseirocarbazonat )copper{ID Derivatives," J. MedChem. . 33, 1764-1770, 1990. EX. John and MA Green. 
"Investigation of Cu-PTSM as a PET Tracer for Tumor Blood Flow," Nucl. Med BioL, 18, 807-81 1 , 1991. CJ. Mathias, MJ. 

Welch, D.J. Perry, AH. McGuire, X. Zhu, J.M. Connett, and MA Green. 
"PET Imaging with Metal Radionuclides" in Advances in Metals in Medicine, Volume I, MJ. Abrams and B A Muner, editors, 

JA1 Press, Greenwich, CT, 1993, pages 75 - 1 1 4. MA Green. 
"Subcellular Distribution of Tissue Radiocopper Following Intravenous Administration of 67 Cu-Labeled Cu-PTSM." Nucl. Med. 

Biol., 19, 697-701. 1992. I.D. Baerga. RJ». Maickel, and M.A Green. 
"Potential Galliun>68 Tracers for Imaging the Heart with Positron Emission Tomography: Evaluation of Four Gallium 

Complexes with Functional [zed Tripodal Tris(saJicylaldirnine) Ligands." J. Nucl. Med, 34, 228-233, 1993. MA Green, CJ. 

Mathias, W.L. Neumann, MJanik, and EA Dcutsch. 
"Quantification of Regidrial Myocardial Perfusion with Generator-Produced Copper-62-PTSM and Positron Emission 

Tomography." Circulation, 87, 173-183, 1993. P. Herrero, J. Markham, CJ. Weinheimer, CJ. Anderson, M J. Welch, MA 

Green, and S.R. Bergmann. 

"Development and Validation of a Solvent Extraction Technique for Determination of Cu-PTSM in Blood." Nucl. Med. Biol, 20. 

343-349, 1993. C. J. Mathias, S.R. Bergmann, and MA Green. 
"A Gallium-68 Radiopharmaceutical that is Retained in Myocardium: 6 8 Ga[4,6-Me0 2 sal)2BAPENl + ." J. Nucl. Med, 34:1 127 - 

1131 1993- B.W. Tsang, CJ. Mathias, and M.A. Green. 
"Synthesis and Structure of a Five Coordinate Triarylgallium Complex. J. Chem. Soc, Chem. Comm., 14. 1127-1129. 1993. 

D.K. Coggin, P.E. Fanwick, and M.A. Green. 
"Evaluation of Cu-PTSM as a Tracer of Tumor Perfusion: Comparison with Labeled Microspheres in Spontaneous Canine 

Neoplasms." Nucl. Med Biol., 21, 83 - 87, 1994. C. J. Mathias, M. A. Green, W. B. Morrison, and D. W. Knapp. 
"Structure-Distribution Relationships for Metal-Labeled Myocardial Imaging Agents: Comparison of a Series of Cationic Ga(lll) 
Complexes with Hexadentate Bis(salicylaldiminc) Ligands." J. Med Chem., 37:4400-4406. 1994. B.W. Tsang, CJ. 
Mathias, PJE. Fanwick, and MA Green. 
"Species-Dependent Binding of Coppetfll) Bis(thiosemicarba2one) Radiopharmaceuticals to Serum Albumin." J. Nucl. Med, 36: 

1451-1455, 1995. CJ. Mathias, S.R. Bergmann, and MA Green. 
"Synthesis Purification, and Tumor Cell Uptake of « 7 Ga-Deferoxamine-FoIate Conjugate, a Potential Radiopharmaceutical for 

Tumor'lmaging." Biocomujate Chemistry, 7:56-62; 1996. S. Wang, RJ. Lee, CJ. Mathias, MA. Green, and P.S. Low. 
Tumor-Selective Radiopharmaceutical targeting via Receptor-Mediated Endocytosis: Evaluation of a Gallium-67 Labeled Folate- 
Deferoxamine Conjugate." J. Nucl. Med, 37:1003-1008; 1996. CJ. Mathias, S. Wang, RJ. Lee, DJ. Waters, P.S. Low, and 
M.A. Green. 

"Assessment of Regional Myocardial Perfusion with Generator-Produced «Cu-PTSM and PET in Human Subjects. J. Nucl. 
Med. 37:1294-1300; 1996. P. Herrero, JJ. Hartman, MA Green, CJ. Anderson, MJ. Welch, J. Maikham, and S.R. 

Bergmann. . 
"Mixed bis(thiosemicareazone) ligands for the preparation of copper radiopharmaceuticals: syntheso and evaluation of 
tetradentate ligands containing two dissimilar thiosemicarbazone functions.: J. Med Chem., 40:132-136; 1997. J.K. Lun, CJ. 
Mathias, and MA Green. 

"Design and Synthesis of "'in-DTPA-Folate for Use as a Tumor-Targeted Radiopharmaceutical." Bioconj. Chem., 8:673-o7V; 

1997. S. Wang. J. Luo, DA Lantrip. D J. Waters, CJ. Mathias, MA Green, P.L. Fuchs, and P.S. Low. 

"Evaluation of "'ln-DTPA-Folate as a Potential Folate-Receptor-Targeted Radiopharmaceutical," / Nucl. A/erf", 39:1579-1585; 

1998. CJ. Mathias, S. Wang, DJ. Watere, J J. Turek, P.S. Low, and MA Green. 

"Human Biodistribution and Dosimetry of the PET Perfusion Agent «Cu-PTSM from a Compact Modular «Zn/«Cu Generator, 

J. Nucl. Med., 39:1958-1964; 1998. T.R. Wallhaus, J. Lacy, J. Whang, MA Green, RJ. Nickles, and C.K. Stone. 
"Receptor-Mediated Targeting of «Ga-Deferoxainine-Folate to Folate-Receptor-Positive Human KB Tumor Xenografts." NucL 

Med BioL. 26:23-25; 1999. CJ. Mathias, S. Wang, P.S. Low, DJ. Waters, and MA. Green. 
"A Kit Formulation for Preparation of [»<InlIn-DTPA.Folate, a Folate-Receptor-Targeted Radiopterrnaceutical," Nucl Med. 

BioL. 25:585-587; 1998. CJ. Mathias and MA Green. 
"Stereocontrolled Synthesis of (/US)- and («W,4-I)ianunocyctej)entanols." SYNLETT 1999:426428. Y. Guan, DJi. 

Bcrgstrom, and M.A. Green. m 
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7/78 6/80 Washington University School of Medicine, St Louis, Missoun. 

7/86 - 6/89 Research Assistant, Division of Radiation Sciences, with M. J. Welch, PhD., Washmgton 

University School of Medicine, St. Louis, Missouri. w 
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1/91 - 8/94 Visiting Research Instructor, Department of Medicinal Chemistry, School of Pharmacy, 
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Relevant Publications (selected from a total of 85): 

CJ M^ias.D.Huben.P.S.Low.andM.A.Greo, Synlhesisof ^Tc-^A^^v^as.Fob^ 
Receptor-Targeted Radiopharmaceutical," Bioconjugate Chemistry 11:253-257, 2000. 

CJ Maihias and MA. Green. A Kit Formulation for Preparation of ["'Inlln-DTPA-Folate, a Folate-Receptor-Targeted 
Radiopharmaceutical. Hurt Med Biot. 25:585-587; 1998. 

CJ Ma*ias,S. Wang, P.S. Low, DJ. Water, and M.A. Green. Raptor-Mediated Tarjednj ««%£%^ ¥o] *° t0 
Folate-Receptor-Positive Human KB Tumor Xenografts, Hurt Med. Birt. 26.23-25, 1999. 

C J. Mathia, S. Wang, DJ. Waters. J J. Tun*. P.S. Low. and M J, ^^^^^^ 
Folate-Receptor-Targeted Radiopharmaceutical, J. JVuctAte/., 39:1579-1585, 1995. 

S Wang, J Luo. D.A. Lantrip, DJ. Waters, CJ. Mathias. MA Green, P.L Fuchs, and P S. ^^jgggj^ ^ 
S. Wang. DTPA-Folate for Use as a Tumor-Targeted Radiopharmaceutical. Bioconj. Chem., 8.673-679, 1997. 

r i Mathias. S Wane. RJ Lee, DJ. Waters, P S. Low, and MA Green. Tumor-Selective IWioptaniaceu^ Tai^via 
CJ. Mathras. S. WM |J^^^^ ocytosiK Evaluation of a Galliunv67 Labeled Folale-Deferoxanune Conjugate. / 

Hurt Med., 37:1003-1008; 1996. 



Paoe 10 



BIOGRAPHICAL SKETCH 

consul and coaabocators. Begin w*h the prinapa> inve^ator/program Mr. 



Gwe me fooc^ information for the Key per*™* ^ 

. I POSITION TITLE , 

NAME Associate Profe s s of Pediatrics & Biocnemi;,.., 




^^^^ 



1999-Present 



1993-Apr. 1999 

1989-1992 
1979-1985 



California. 

asparaginase. J A. Distasio, Advisor. 



SFLECTED PUBLICATIONS: 

antineoplastic asparaginases. Cancer Ke*.. 43:1602-1605, 19*J. f ^ 

— < ■ k. rimAlmnC r\I 



3. 



4. 



5. 



6. 



7. 



antineoplastic asparaginases. Cancer Kes., «.wwr»«. ..deviation site of the 
Kazlauskas, A, D.I*, and ^ of the m a JO r tvrostne photon 
PDGF receptor bete subunit. Cell Regul, 2:413-425, 1991. ^ ^ 




TT : — . . «f the n Qiihunit after arJivattc 



8. 



10. 
11. 
12. 

13. 
14. 
15. 
16. 
17. 
18. 

19. 
20. 
22. 
23. 

24. 

25. 
26. 



Principal invesfrptnrrProara'" I"* - — ^— ; — _ irT — ; — r; 
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« _. n i Rosen H Michel B.R., and Cooper, JA. Protein tyrosine phosphatase inhibitors block 

Dnrten, DX, and Lin, Y.B. PsotnWy-osin. kin.* p72" in FcORI rceeflor l*** Mo* 842102-2108 
(rapid communication) J994. 

D„Hea DL. Kim, H.M., Calore, B., and Liu, Y.B. The FcORI receptor signals through the activation of Ac* 
and MAP kinase. J/mmun, 154:40394047, 1995. 

ArdHi, M., Zhou, L. Martine, T., Durden, D.L., St^ M ^ ^ L£po^^ 
Sfc^^ lipopolysacchaHde-induced 

Park, R.K., Liu, Y.B., and Durden, D.L. A role for She, Grb2 and Raf-1 in FcORI signal relay. /M Chen, 
271:13342-13348,1996. . 
Tay.or,N.,lah,,T^^^ 

ic tyrosine kinases ZAP-70 and SYK in FcORI signaling. Wood, 89:388-396, 1997. 
Eostein A Liu M , Liu, Y.B. and Dunlen, DA. Protein tyrosine phosphtase inhibitors in FcDRl mduced 

- * n* liu YB Kvono W, and Durden, D.L. CBL-GRB2 adapter protein interact.on in 

Chu, J., Liu, Y, Koretzky, G A and Durden, D.L. SLP-76-CBL-Grb2-Shc interactions in FcORI signaling. 
Blood 92:1697-1706, 1998. 

interactions in myeloid FcDRll signaling. £xpCe//3tes, 245:330-342, 1998. 

enrcioh-Eps.ein, A, Ln, M. Kan,, A, fa* K, 3. f ™~ D £»^ " 
kinases in FcyRl signaling in prima,, hnman mnen.ph.ges / Uut ftcJ, 45.523-534, 19«. 

Pa* ft** K, Deo, YX, Lin, Y* - °< *° " * — * m " IUPte 

adaptor proteins in FcORI oxidant signaling. Wood, 94:21 12-2120, 1999. 

Park, «, B-**-* *, * ■£ 
angiogenesis. MAS. toPlKS.2001. 

Isogai. C, Lang. W.E.. Shimad, H., M£; , M» ^^X'™"b^nX 
YA. PAI-1 Promotes Angiogenesis by Stimulating Endothelial Cell Migration lowarur 

Research. In Press, 2001. 

Mf A Zaarow, M . Snn. M, Takei, S., Misnhadn. H. Bemaein, B„ J^P^T 
StoduSsi DBA/1 mien with UBpmgtasn. Clin Exp Me^uot. In Pres. 2001. 
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RESEARCH PLAN 

A SPECIFIC AIMS 

The nrooosed research has the following specific aims: 

l)KSp and communicate new solid-phase synthetic methodology for macrocytic chelating agen^ 
MIL ESTONE successful library production (>1000 members) , at least 2 publications (and patent apphcatons). 

of Xntegrin antagonists based around conformationally restricted^ 
complexil S Irapeutic radioactive metal ions. MILESTONE: biologically confirmed o3, antagonist 
activity 

retention aKget site (tumor neovasculature). MILESTONE: successful synthests of multivalent construct 

.nmh^lnTchemistty nuclear medicine, medicinal chemistry) to come together* capitalize on tonor 
comb natonal chemis^ n radioisotopes to «J, integrin-postmve tumors. 

and genrera. approach miming antitype intenc^ v, spatial 

aZgements of recognition units using conformational* restricted metal-hgand complexes as scaffolds. 

B SIGNIFICANCE 

Background and Existing Knowledge 
Cancer research has been increasingly focused on tumor vasculature as a potential target for new therapies. 

\ KinnH vesceW fanaiosenesis) and thus prevent further growlh of solid tumors . 

Mor rt Sra^Lh has bL described which seeks to take advantage of the <f™™ 
k. JTnoS tissrvasculature and the new vasculature (neovasculature) supporting tumors for the purposes 

iTorTaTwel ^ more recent* at the molecular genetic levef of endothelium tissue. Monoclona »tibod.es 
SolTrecoTize tumor vasculature specific antigens have been labeled with the alpha^mitter isotope Hi 
a^t^SSSspan of tumor iTden mi J. However, monoclonal -^^JfSZSW 
^maThave significant hurdles in becoming therapeutic delivery agents 6 In particular, Mabs, protems and large 
PoType^t e Sr from many pn>blems as in v/vo agents and, in fact *^^J«^*Z£ 
a^gioltin only last year in favor of developing small molecules that would mimic the effects of the large 

tremendous advances have been made in finding small molecules such as peptides mat will , 

recJors £ vivo. For example Erkii Rusolahti and Renata Pasqualini of the Cancer Research Center at Burnham 

2! Jolla, Calif have used phage display peptide libraries to find low molecular weight peptides 

£h ^RGmAreSlv aT) sequence that attach selectively to endothelial cells in the vasculature of 

~«*Laot>eartobe»ec^^ ^[^l/c 
SS£ reS ote Sghty«cpre5edon many tumor cells (osteosarcomas, neuoroblastomas, glioblastomas, 

^that also express mis receptor under normal conditions (notably osteoclasts 26 ). The * G ^«™"* 
associated aJh integrin to deliver a therapeuUc anticancer drug. 
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The use of the peptide approach to bind with ctvBj integrin receptors exploiting radionuclides as the 
toxiohore targeting the neovasculature of tumors, has been proposed" but only limited work has been 
Dublished'"- 20 The most detailed study examined several radioiodinated cyclic RGD peptides which were 
modeled after the previously optimized cyclo<-Arg-Gly-Asp-D-Phe-Val-) pentapeptide system. For this cyclo- 
nentaoeptide series they found that a hydrophobic amino acid in position 4 (D-Phe substitution) increases the 
receotor affinity whereas the position 5 (valine substitution) had little influence on the affinity. This series of 
cyclo-pentapeptides (including the iodinated tyrosine replacement for D-Phe analog called P2) were shown to be 
nanomolar inhibitors of the vitronectin receptor OvPj integrin. Moreover, they were selective for the Ovp3 
intesrin receptor over the receptor which is a glycoprotein involved in platelet aggregation. In order to 
avoid side effects that would be anticipated by afTecting the platelet aggregation process it is critical that the 
affinity for the widespread a^pj integrin receptor is very minimal. Thus, all studies on cuP, integrin binding 
need to include a comparison binding study with o^B, integrin to evaluate this important parameter. The 
biodistribution data of the analog radioiodinated Ovpj integrin binding peptide P2 is shown in the Table 1 below. 
Good initial localization in the tumors is noted but very quick clearance over a short 4 hour time period occur . 
The blood component clears even more quickly resulting in increasing tumor/blood ratios from 10 minutes to 
one hour time but essentially remaining constant through the four hour time period. The thyroid accumulates 
considerable isotope which is probably due to in vivo deiodination. Lastly, there is significant liver localization 
earlv on diminishing over time consistent with hepatobiliary clearance of the peptide. The loss of activity from 
the tumor site is not discussed by the authors but could be due to the lack of internalization of the antagonist at 
the receptor site. These results indicate that from a therapeutic standpoint there remains some optimization to be 
performed on this cyclo-pentapeptide system. 

Table 1. Evaluation of radioiodinated tyrosine-containing cyclo-pentapeptide P2 

. . .__ , in .1 OA. l n :»s.t<wl TV»c*/«iT5im 



icycio-i-nrg-vji 
Tissue 


Melanoma M21 


Osteosarcoma 




Mammi 
Carcinc 


»ry 
•ma 






10 min 


60 min 


240 
min 


10 min 


60 min 


240 
min 


10 

min 


60 
min 


240 
min 


JTumor 


2.07 


1.30 
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0.09 


Muscle 
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3.49 


15.61 
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Tumor/Blood Ratio 


2.7 
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6.8 
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7.7 


2.5 


7.4 
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presentations, by attaching the radioisotopes F-l 8, ,w Re, *Y and Tc to closely related derivatives of 
c(RGDfV) wherein the V (valine) has been replace by K (lysine) covalenlly modified on the epsilon-ammo 
^UD^ 4 tocontainamoietycapableofbindingtheradioisotope. The published data showed a similar 
oattern of diminished absolute amount of isotope located at the tumor over time after initial uptake but 
accompanied by increasing tumor-to-blood ratios. This is the same pattern noted in Table 1 indicating that the 
loss of tumor associated activity over time is not due to the inherent biological clearance problems associated 
with iodinated biomolecules but must be due to a pharmacokinetic process. 

The appeal of employing a radionuclide in this approach, targeting neovascularture of tumors, is that no 
drug has to be liberated to perform the therapy and the radiation could be effective in either destroying Ae tumor- 
supplying blood vessels or directly destroying the tumor cells themselves since the site of the neovasculature 
localization is in such intimate proximity to the tumor cells in small metastatic lesions Ideally, the 
selectively localized to the neovasculature of metastatic tumors could work via both of these mechanisms it tne 
proper radioisotope is utilized. For example, the penetration distance for the maximum energy particle (P ) 
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w for '»Sm+3 is estimated at only 3.4 mm versus 8.6 mm for '«Ho+3. Thus, the cho.ce of, isotope shou d 
allied to tn^hamTcokinetics of L delivery agent as wel. as the size of nunor be.ng treated. TJe potent,al 
be matched to the P neovasculature alone should not be underest.mated as .t has been 

^S ir cens die for each destroyed endothelial cell in tumor blood vessels il.ustrating a 
^ ^molification of the therapeutic localization of radioisotopes in tumor neovasculature. 

One drawoacK or ai » ; their susceptibility to natural levels of peptidases and 

described Whilethismaysometimesbe 

useful for imaging purposes » y 6 , 2 Additiona i pro bIems ex st with radioiodinated 

peptides as °PPOsedt<^ me t^eted site making the agent unacceptable in a 

^ m "^ to attach radiom f 1 i onsto st 

affe«*ebiod^^ 

recent review ^ ph amacokinetic behavior of radiolabeled receptor-avd 

chemistne, play m de^nm^ ^ a ^ ^ ^ 

pepudes bemg deigned as P when a cheIated meta , „,„ - a thea 

optim«edfor urging a raptor ^jwjt P ^ ^ ^ „ . fican , 

^tve^iSrst^ the use of peptidomimetics to overcome the peptide limitations, described above 
Investigator have MM ^ For k> p^jj. have been used w,th 

iwnk e»n.pte is *<= »s*of ' ^ "SSTbioacti™ somaloaatin is repressed 

residues of p«ptM« in to '"^"^ w '*. a J£TZ$$ B °, d i„g assay res-Its sapport the 

Nicolaou e. A to «* eetetmuted *«> S^^3»3» francs, cart-hytottnng 



15 



Principal Investigator: Carlich, Joseph R. 



Figure 1 . Structure of c(RGDfV) and nonpeptide mimetics. 
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receptor It should be noted that 2 and 3 are not disclosed as targeting agents but are examples of cRGDtY 
peptidomimetics that are selective c^B, integrin receptor antagonists (selective relative to the o»p3 receptor). 

Commercial Opportunities 

ComChem Technologies Inc. (CCTI) is a start-up company formed to discover and commereiahze 
diagnostic and therapeutic radiopharmaceuticals. CCTTs strategy is to utilize combinatorial chemistry in 
coSronwith chelating agent expertise to explore new areas and to arrive at commercialize products 
qSZTlfcompetitiL This requires close collaboration with others possessing complementary expertise 
such as radiochemistry, medicine, and biochemistry. 

CCTI has a competitive advantage in that the PI of this research proposal has a proven track record in 
inventing, developing, and bringing therapeutic radiopharmaceuticals into human clmcal tnals. Hewas 
h»tal in the development and first human trials of FDA approved Quadramet (licensed by Dow to 
CyTgX well as lead inventor and project champion for all aspects of '"Ho-DOTMP which has now 
JoEressed to phase ID human clinical trials ( STR licensed by Dow to NeoRx Corporation). 
P ^e technology that will be developed in mis proposal has a specific commercial application but also has 
broad appSation as a new method to produce three^irnensiona! presentation of molecular recogn.hon unrt^n a 
Sac? molecular space that is ideal for radiotherapy. The intellectual property expected to be generated herein 
will be protected by filing US and overseas patent applications. 

Importance of Proposed Research 
This Phase I work will lay the foundation for preclinical and clinical evaluation of tumor vasculature loca hang 
radiotherapy for cancer treatment in Phase D. This agent will be broadly applicable to treating al a£ mtepm- 
Sive soW tumors with targeted radiotherapy. It has taken over 15 years for a monoclona ^^jfctu**) 
tofinailyachieve FDA approval for treating lymphoma. A radiolabeled version recently finished phase Dltoals 
^ bmrtntad to the FDA for approval. We believe the use of combinatorial chemistry applied to die 
ollelSng an optimum radiolabeled low molecular weight vascular localizing agent will allow for much 
^is^ovrry and development timelines. The commercial potential of this approach is enormous and die 
^f-g^ods Expected to be much lower than an antibody approach which should result in a lower cost of the 
drug from the patient's perspective. 

r RELEVANT EXPERIENCE. Principal Investigator; Dr. Garlich, CCTI Chief Scientist, has eleven 
years of industrial experience at Dow Chemical in the area of radiopharmaceutical discovery and development. 

iSimenul inAe synthesis and formulation development for Sm-EDTMP, an FDA approved 
radioactive drug for the relief of bone pain associated with bone metastases, licensed to Cytogen 

(Quadramen. He also developed new azamacrocycles (synthesis and new uses) as well as Afunctional 
chelating agents for monoclonal antibodies. He is the father of '^oDOTMP, a bone-seeking 
radiophannaceutical, now in phase ffl clinical trials for the treatment of multiple myeloma (licensed by Dow to 
NeoRX). More recently, he was responsible for establishing the combinatorial chemisUy group at Dow 



16 



Principal Investigator Gartich. Joseph R. 



AgroScienccs and has experience in all aspects of combinatorial chemistry-automation, solid-phase and solution 
ohase svnthesis, analytical instruments and methodology. 

Co-Investigaton Professor Mark A. Green (Purdue University) has a background in uiorganic chemistry and 1 8 
vears of productive research experience in the design, synthesis, and evaluation of new metal-based 
radiooharmaceuticals. His group is internationally recognized for their efforts in development and preclinical 
Mfat of low-molecular-weight copper radiopharmaceuticals for imaging with positron emission tomography. 
Fnr tumor imaging, his group has also pioneered efforts in tumor targeting w,th low molecular weight folate- 
L iriTu^that^eta tumor'ell-membrane-associated receptor for folic acid. In add.Uon, diey have 
devllopS 3 evaluated extensive series of monocationic gallium radiopharmaceuticals that are substrates for 
transDOrt by the MDR1 P-glycoprotein involved in tumor multidrug resistance. , u -^.^ 

pSciorninaton Carta J Mathias (Purdue University) brings a background in zoology and chemistry to 
SecTalong with 21 years experience in the design, synthesis, pre-c.inical testing, and chn.calevaluaUon 
^f new^raoiophar^aceuticals. She is experienced in techniques of radiochemical synthesis and analysis as well 
as the development and application of animal models for assessment of new md.opharmaceuUcal Is. Her 
experience includes synthetic, animal, and human studies related to the evaluate of radiolabeled platelete and 
whta Z is, radiolabeled antibodies, 1 8F-labeled esfrogen receptor ligands for imaging breastj^mors wUh PET, 
gTnerator-based PET perfusion tracers, and low molecular weight radiopharmaceuticals targeted to tumor- 

^^^StZ^, M.D., Ph.D. (Indiana University Medical School), has 5 years experience 

and expertise in vascular biology and the study of aniogenesis and integrin signaling. He has 

Soerience with the avB3 integrin receptor and signaling. He is an expert in the b.ochem.cal and molecular 

STrfM transduction pathways in mammalian cel., In addition to being a board 

andPediatric Cmcologist he will actively participate in the development and running of meanmgful biological 

assessment studies of the compounds produced from this grant. 

D RESEARCH PLAN: . , JT . 

Ex perimental Plan Stage A & R Rationale and Introduction 
Given the drawbacks and approaches described above in the Background section it would be desirable to 
treat Leers that are highly expressing c^B, integrin by a small nonpeptide molecule that 1) possesses a bu.lt-.n 
iSg agent complexed I witE a therapeutic radioactive metal ion in a stable fash.on and 2 me resulting 
SLlid molecule possesses a high affinity and selectivity to the c^B, integnn. We propose to 
Xets with conation of atoms by using the chelating agent moiety itself as the template uponwh^ch to 
olace the OvB, integrin binding moieties in a spatial arrangement that mimics the well known OvB, integrin 
anr g onLcSGDf^. The synthesis involved in this approach is detailed in Stage A below. Expan dmgonthr 
Sch is our proposed deSgn to use the chelating agent as the platform from which to tether multiple coprcs of 
a iv Z> in^ntbindmg moiety such as c(RGDfV). This multivalent approach (Stage B), a relatively 
new^Tcep^d St applied^ intern binders, will be approached c^mbinatoria ly to find the optimum 
dSances between the muhiple copies of the binding moiety and to study the effect of different spacing ^ouF on 
mSng o7me resulting construct with integrin, The astute reader will recognize after examming generic 
schemes that Uiere is some crossover from Stage B into Stage A in that some of * i2 fleTts the 
contain multiple copies of presented binding moieties. This is not an intent to confuse the reader but reflects the 
great flexibility buih into the synthetic approaches. e.„ to/ ,u^;« 35 We have 

. Synthesized molecules that mimic the binding of monoclonal antibodies are called Mta • We have 
coined die term "chelabodies" to describe chelates (metal-ligand complexes) that mimic the binding of 
m^Lantibodies. Thus, chelabodies represent a subset of chemobodies ^ -£ enseal 

desien feature that causes arrangement of the binding motifs in the appropriate spatial arrangement to & ve 

Tmuh "alent binding. Compounds described in both Stage A and Stage B fit into this new category 
of chelabodies. 
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Research PlanStagg A: Preparatio n RGD Mimics Based I Inon Macroc Y cl.c Complexes (Chelabodies) 
» 2 Lnt DOTA 4 (1 4 7 - 10-tetraazacyclododecane-tetraacetic acid), is well know to form 

,• ^^222^^4 taS^ and the resulting complexes axe considered conformational* 
^^X^^^^ negatively charged* philological pH when complex* with a 
H 8 1 „, nluon Th TaSTeness of a complex utilizing lanthanides as the metal ion .s attnbutable to the 
^J^iSi^taSi^ use in nuclear medicine 0»Sm*\ *V\ '"Ho") with diffenng half-lives and 
variety of rad.oact*e ^ ke similar h ^j, complexion chemistry so that the des.gn 

attachine radioactive lanthanides to monoclonal antibodies for use in humans, . . . 

. An in^S of molecular models of DOTA complexes indicates that DOTA is s.mdar in sue to the 
» An inspection oi moiecuiar jd ^ ^ ^GDiY) mimics could be 

TT^ ? - ^ SoV«hen wmolexed with Y*> vrauld pUce Ihe guanidme and caboxylic acid a a 
to also satisfy *a spatial requirements of the binding moieties of e(RGDW) . st f°''f^ re ^T? ^delim. 

W S S St unless extremely large and conformationally floppy spacer groups are used. Thus our effort 
will be focused initially on 5 and 5A and their analogs. 

Figurc 2. Comparison of DOTA with two proposed c(RGDfV) mimics based on DOTA modifications. 




COOH 



DOTA-RXG 




H00C U) 

^COOH 
DOTA 

„ u ,d==^r^= 

"""hSSf 3 *.' *** P represents the solid phase resin, Wang resin in this case. However, the use of Rink 
acetate arms is a -CH2C(0)NH2 group upon cleavage from the resm. ™« typ« of xhel 

nTbTcomplex core molecule. Tbis could have important in v/vo b.odistnbution effects which will be studied 
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tu .w5r «*eme fFieure 3) to prepare these molecules illustrates two pathways to get to the same 
• ^S^Kr 7 K pathways will be examined and each will require significant 

op^onworkjna^ °™^°™Z feeI ^ te work , even if ultimately unsuccessful in the biotogical 
TX 2SnSS2^«SS combinatorial chemistry methodology advance in the area of chelation 

stereoisomer as shown in structure 5. 

Figure 3. Proposed solid-phase synthesis of 5 (R2=R3=H; »<WX)OH; 
R5= CH 2 CHrp(Pn>NH(C=NrCNH^as a single member of a combinatorial library. 




R"-"rcOOR, 
R5 



w-t^cooh 

consultant on this proposal -» . Tbis procedure is sir 0 ™™"&? ^ using chiral chromatography, 

anticipated that the different enantiomers resulting m Figure 4 will hqoM> *B . * ^ 

Tnere'are methods to perform the chemistry . P ^ 4 ^^^*-«^« 
stereoselectivity (80-90% ee) but our cntena for purity (>95 A) requues that we peno 
this stage. Tbis will be performed using HPLC methodology. 

Figure 4. Proposed preparation of chiral aminoesters for use in combinatorial synthesisgigure 3). 
O ft R*. r 1NHC1 HjN^JL QR 

18 12 12 
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With the inputs 12 (and 14 which can be the same or different from 12, derived from the same chemistry) in 
hand then the library production protocol based on structure 5 can be developed. Because of the way the 
synthesis is developed it is possible to make an analog of 5 where each of the three acetate arms contain one copy 
of the RGD mimic structure by making 12 and 14 the same aminoester. This trivalent species, by benefit of 
comoact presentation of three copies of the RGD mimic strucure, could possess some interesting properties. 
There is more discussion later regarding this multivalent approach in the research plan stage 2 discussions. 

In order to access desired target molecules such as 5A a different synthesis route is needed since two 
identical molecules of aminoester are incorporated in either pathway A or pathway B in Figure 3. This 
SSb dual incorporation precludes introducing the needed stereochemistry at both sites, i.e. on y one 
aSe^ubLtion pattern^ 

SA and to give complete control over the stereochemistry of all 6 substituents on the chelating acetate arms the 
™*etic protocol shown in Figure 5 will be evaluated. The amino alcohols 9, 23, and U ™» be prepared from 

C£ » ■— « **** * mcU,od shown t r Tu r* zf^nV** 

isomer The preparation of these aminoalcohols could make use of resin bound ethylene glycol wherein the 
Sne if the amino ester (such as 12) displaces the activated non-resin bound hydroxyl of the ethylene glycol. 
The PG (protecting group) on the nitrogen of Figure 5 will be determined after some preliminary work is 

Figure 5 Strategy to achieve stereochemical control at each chiral acetate arm position such as 5A. 

I OR 



O PG 
20 



^OTs 



21R=H 
22 ROTS 



R2 
R3 
OR t 



R4. R5 



"VW" 



24R=H 
25R=OTs 



OR, 0 



OR, 



26 OR, 0 ^ 0R i 0 • ' 



HOOC 



RsXcOOH 



6 PG 

27 R=H 

28 R=OTs 



7 M 

R6"^COOH 



1) Remove protecting group 

2) Cydtee 

3) Owe town resin, deeve ester* 



performed to ensure otffogonal stability but likely will be a group such as FMOC, NOSYL, or trifluoracetamide. 

The reviewers at the last submission of this grant indicated they wanted a better feel for what types of compounds 
are going^mad in these combinatorial libraries. It should be noted that although we plan to do co^mato^ 
™2 we will do so in a fashion such that each well has one intended compound and not nationally prepare 
S» oTcompoSids which tends to confound bioassay interpretation. The best way I know to give you a feel 
fo^pL compounds we would be making is to throw out a chart of representative monomers which would 
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illustrated by 35, where Lis a covalcnt linkage, NH H00C ^l-BA 

BA is a basic amine capable of accepting a . H OOC _ Jl V»H 

proton, and AG is an acidic group capable of V-H " NH * /Nr\ 

donating a proton and to*"^*"* . A 

n.euseofbioisosteresinmed.cnalchem.stry \ /h, oh 

is well documented wherein subshtudons are HOO / / \T\ VU COOH 

made which resemble the original group or V N \x> COOH L 

moiety (for a good review see -Bioisostensm: • g COOH 

A Rational Approach in Drug Design, Chem. g 

mode we can pick a number of BA JJJ^'Sl^ figure 5B where the dashed line 

attachment mode for connectivity to L A TtaS subsets can vary from simple amines 
represents the covalent attachment to *^*^5 can chosen to maximize diversity (using 

guanidines. 

. * Figur e 58. Substitutions for BA (guanirfine substitution) — Likewise for the connection (linker) L 

/^,N. . .N^N a number of resonable linkages can be 

— -NHj NH l| T » I I prepared which would serve to 

§2 V% H R N k/ N -- spatially separate the receptor binding 

55 * "* ~ 



58 61 group (AG or BA) in the proper 



.-N-R1 N p N-t! k.u orientation and distance. Examples ot 

\ p fW' s"^f m potential L groups are shown in Figure 

„ ■••-^NHR, L N I I sc. The dashed lines in the structures 

- §6 59 ^ represent the points of connectivity. 

S 2 - The reader realizes that in most cases 




^ N ']=y (unsymmetrical) the she of attachment 

|l \ X. V° \J can be reversed to give a different 

"NH, 60 52 N linkage. The actual attachment 

«taU Kids. A partal lis. is sho^ £ wild car* as shewn by to "R" 

this collection together. 
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•ii . ._ ,^ u*rt> we can see a 12X 1 7X8 feuanidine substitutions X linkers X 

^es^bytolSL 

pg-escExan^onw^L These proposed chelator scaffolds 

— . _y . I **"n — '*} (chelabodies) addresses all of the shortcomings 

3S ** ''^ fit'"* -V I A described previously for a tumor neovasculature 

N __ 0 R 47 " seeking agent. The positive attributes for this 

W 1 J - system are l)nonpeptide in nature so not prone to 

26 ''VT R X ✓V" metabolism; 2) incorporates akinetically inert 

__ . VW- ||1 I J lanthanide complex which allows for a potenual 

afj. tt''' range of radioisotopes having varied particle 

8 s 49 . a . energies and half-lives and yet produced 

- ft commercially (Sm-153,Ho-166, and Lu-177); 3) 

. FY \_ V- rigid backbone (cyclododecane ring system blocked 

44 [ ] O « into place upon chelation) upon which to place 

" i N> " 51 appropriately spaced recognitionA)indmg groups; 4) 
41 «5 the complex containing the toxiphore (radioactive 

. . , • wi nf the core rieidifying structure so no additional conjugation chemistry is required, i.e. the 
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Figure 5D- Possible Groups for AG (acidic carboxyl group) 
O ,0 

T\ nu SC. p»«.»rrh Plan Stage B: 

,A N ' 0 " y ° H H -/ SC NH P^ p^ratinn of Exte -^ Multivalent RGD 

r S 7D ' Mimirc Based Upon Macrocvclic. 

§4 — r„ mT \~m (Chelabodies) 

^OR u Monoclonal antibodies are known for 

^.OH *~~ P ^ 0 H H -N 'V their exquisite selectivity and high binding 

l-g- J §1 affinity. These attributes arise in part 

« hprause antibodies are divalent and in som 



R 

65 



0 because antibodies are divalent and in some 

M Zl cases multivalent in their binding with 

VW 0H '- \ 0H pro tebs or receptor surfaces. Nature has 

R-H- * R used multivalent binding to overcome weak 

^ |9 binder in order to make strong attachments . 

68 Multivalency, simultaneous attachment of 

two or more binding sites on one to ^ ^ George M 

multiple raptor sites on anoth^ (cell ^^ a ^ ch has not g yet been applied to ligands aimed at 
Whitesides of Harvard University 1 . ™ ^J^ctSc sequence, c(RGDRGD), that could be considered a 

.teaft, cheb.es (^'^f^lS^cS b a eSLg. featue *at closes element of the 
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antagonists based on the DOTA template. ^• s,s,Uus ^ conW P^^^ Ucrill g(31)- Webavealso 
TSSm are made on the chelating arms (3Q) or some is on the 

ordered the possibility of a mixed species where some *^e 0 ther two described here in 

Fieure 6 Conceptual design of Chelabodies Based on DOTA-type Chelating Agents Presentmg a 
Talent Binding Arrangement Aimed at a3 3 l^egnn Antagomsm. 
R1.XOOH ^ ^COOH R1 R2 t R3.R4=Z-M 

_ >v \H'^\_ri z= linker/spacer of varible 

\X Zm A fT length, shape, fruity 

HOOC ( u \ fcnOH H00 ° V^x \P00H M= ROG mimic :that 

cwn r [^R2 antagonizes avW intetnn 

pg/^COOH M COOH 

antagon £ l,eidea,termma,gr : rwo U= 

and compounds will be tested for th,s P^^^S^tog positions. For example the known 
involved here we first will use known ««^* *^Ko^ ^ the "R" arms to provide a suitable 
antagonist <*RGDfK) (32) has been desenbed ^^J^J^SSS in-house or custom prepared for 
m ulrivaknt antagonist construct ^^^^^Sm^^^^^^ f 
CCTI outside of the budget requested here. The Imker/s^cer arm arms idea ts to 

Sum for muhivalent conducts, some ^"J^^^tea^.d^* 
react carboxylic anhydrides wtth a nucleophde ^^"'^^d-phase synthesis to prepare arms that are 
the resulting free carboxylic acid. Th.s procedure .s "JJ^^JJ Fi J£ 5 requirC s only that some of the 
dmesameV Applying this strategy tome "^^J^ „ ilTa 
ubstituents(^^^ 

clectrophile (to react with amines for example) or "^^^..je,^ with antagonists such as 32. 
can be deprotected and then elaborated tnto a «^^™*« ^TtTgWe essentially trivalent constructs 
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H 

"Y 



O 

JA^J^ NHjCHjCHC^OC^^-CH^H^HjCHjCOOH 



32 

COOH 



H^N ^(CHs^CHjOCHjWCH,)^ NmCH^COOH 

32 (re* 39) 

c(RDGfK) 34 
cyc^7Vg-Gly-Asf>C>-Phe-Lys-) 

Our approach is to prepare a combinatorial library of such constructs and to assess their biological binding and 
performance {in vitro binding and whole cell assays) to determine if improvements in tumor cell localization are 
possible. 

Research Plan Biological Evaluations: 

Overall Summary: The purpose of this aspect of the proposal is to identify and characterize scaffolding chelate 
molecules which bind specifically to the avP3 integrin. Once candidate compounds are identified, assays will be 
designed to confirm RGD specific binding, avp3 or avp5 specificity and determine binding affinities for each 
molecular construct. Finally we will examine physiological consequences of RGD chelate action on mtegnn 
functions and whether the RGD chelate is internalized into the cell. All of these effects will be carefully 
compared with RGD, RGDfV, LM609 (anti-avp3) and P1F6 (anti-avp5) effects on avp3 and avpS functions 
(adhesion, migration and internalization of integrins). 

Assessment of Biological Activity of U brary members and lead compounds: In the original proposal we 
proposed assaying via the in vito ELISA test common in the literature for identifying avb3 antagonists. The 
reviewers felt that we did not have enough expertise for this because the avb3 integrin receptor is a finicky 
bioassay to run. In this revision we have pulled in Dr. Don Durden who certainly has the expertise to ensure we 
can run those assays. However, recent developments (cited by the previous proposal's reviewers) indicate a more 
realistic testing can be performed with a melanoma cell line that expresses the avb3 integral receptor on its 
surface 44 ". We will initially use the M21 melanoma cell line to screen a large number of organic scaffolding 
chelate compounds for binding to avb3 (see references 46, 47 for background on these lines). The M2 1 human 
melanoma cell line (M21L) which is ovp3 negative has been engineered to express avp3 (termed M21L4) will 
be supplied by our long term collaborators David A. Cheresh, Scripps Clinic Research Foundation and Peter C. 
Brooks, New York University 47 .This cell line is avP5 negative. Once specific avb3 binding constructs are 
identified we will use the human and bovine brain derived microvascular endothelial cell lines (HBEC and 
BBEC) which have been carefully characterized in our laboratory, express avp3, avp5, a5pl and a2pi. 
Importantly, these integrins will serve as controls for specificity of interaction of RGD mimetic compounds in a 
physiologically relevant cell type i.e. microvessel derived human endothelial cell. We will use monoclonal 
Antibodies specific for each integrin and flow cytometry to confirm expression levels of each specific ^tegnn 
subunit in these cell lines at regulate intervals (anti-avp3, LM609; anti-avP5, P1F6; antMxSpi, MOM*" 
o2Bl 19522) 48 . These monoclonal antibodies are function blocking in that they block association between tne 
integrin and its natural Iigand or RGD determinant e.g. avb3, vitronectin. The expression levels in our hands has 
been stable over several years of study. We will utilize these cells in conjunction with specific Pg*"* to 
monoclonal antibodies to test for specific binding of RGDfV and RGD m,met,c organic chelates for ^etogto 
angiogenic endothelial cells. The effects of avp3 antagonism with LM609 antibody or cyclic RGD antagonism 
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have been studied extensively in the Durden laboratory in these cell lines and other endothelial cell lines 49 . We 
now apply this experience to evaluation of organic RGD mimetic chelates. 

Briefly M21 cell variants, positive or negative for av(J3 integrum will be incubated in the presence of different 
concentrations of radiolabeled chelate constructs. The concentrations that we will start with will be 
experimentally determined with these cell lines by first conduting probe studies with the gold standard and well 
charactized c(RGDfV) peptide. Depending on the numbers of library members to evaluate we may pick a level 
20X more concentrated than that found for c(RGDfV) binding as our cut-off point to find interesting leads. 
Binding assays will be performed in 96-well plates for high through-put screening. In saturation binding assays 
cells will be incubated with various concentrations of chelates diluted in binding buffer, containing 20raM Tris- 
HCL, pH 7.4, 100 mM NaCI and 2 mM CaCI 2 ). Cells will be exposed to the chelate for 60 minutes at 37 degrees 
C, in the presence or absence of RGDfV or RADfV cyclic peptide or competing nonradiolabeled cold chelate. 
After incubation, integrin associated chelate is separated from unbound by extensive washing of cells will ice 
cold binding buffer. Remaining cell bound chelate is quantitated by lysis of cells and liquid scintillation 
counting or gamma counting of whole cell lysate. In competition binding assays, various concentrations of 
nonradioactive chelate was added to a set of wells to determine specificity of the interaction of radiolabeled 
compounds. In these assays we will perform controls to examine the capacity of RGDfV and RADfV cyclic 
pentapeptides to block association of the chelate molecules with M21L4 cells. We will label these compounds by 
chelating them with radioactive lanthanides e.g. for pure P emission we will use Y-90 and for y emission we will 
use Sm-153 or Ho-166 isotopes. Detection of these radiolabeled RGD chelate constructs will be performed using 
standard scintillation counting or a gamma counter. By and large the stability constant for each DOTA-based 
chelate for the metal ion should be unaffected by the RGD-mimicing moieties attached. All lead complexes 
passing the biological screens will be exam ined for complex stability in aqueous solution as a funtion of time 
(using an HPLC-MS based analytical assay). 

We will screen a large number of candidate scaffolding chelate molecules to identify a relatively small number 
which bind to avb3. We will evaluate the capacity of these chelate constructs further for the capacity to 
functionally block the avp3 receptor. Several assays will be performed in both M21 and HBEC cells in this 
regard: 1) adhesion to different matrix proteins including fibronectin, vitronectin and type IV collagen 2) 
migration of HBEC and M21 cells in a haptotaxis assay using fibronectin and vitronectin matrix proteins. As a 
control, the capacity of M21 and HBEC cells to migrate on vitronectin will require expression of av(}3 and be 
inhibited by the LM609 function blocking monoclonal antibody. The capacity to migrate on fibronectin or 
fibronectin peptides will not be affected by LM609 or P1F6 monoclonal antibodies and will not be affected by 
the RGD specific chelate molecule. 

In this we way we can carefully evaluate the capacity of the RGD chelate molecules to bind to avb3/avb5 and 
block avb3/avb5 function under physiologic relevant conditions. The next phase of biological evaluation will be 
to examine binding affinity of the RGD chelate molecules in comparison to cyclic RGDfV or RADfV and/or the 
monoclonal antibody LM609 or vitronectin binding itself. For these assays we will employ scatchard analysis 
using radiolabeled RGD specific chelate constructs shown to bind in an RGD specific manner to avb3 or avb5 
positive cells. Once specificity is established we will turn our attention to examination of affinity of binding to 
HBEC and M21 avb3 integrins using cold non-labeled RGD chelate molecules or in competition with agents 
known to bind to avb3 on these cells i.e. RGDfV or LM609 monoclonal antibody. It would be expected that 
RGDfv and not RADfV would displace the RGD chelate. It is not predicted that LM609 specific epitope of avb3 
will be competed by the RGD chelate molecule. From these combined experiments we expect to determine 
which RGD chelate molecule binds to cellular avb3 in RGD dependent manner and determine binding specificity 
and affinity for each chelate found to associate with avb3. We will determine relative binding affinity of chelates 
as compared with RGDfV. Finally we expect to determine if function blocking activity is present in each RGD 
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chelate construct. Lastly we will determine iftheseRGD chelate molecules are internalized by M21 orHBEC 
cells following binding to the cell surface. 

To infirm these results we will utilize biotinylated purified vitronectin, the avP3/avb5 specific ligand, and 
nSe ofRGDfV, RADfV versus ROD chelate to block binding of b.otmylated vrtronectm to 
Z„ M 2 rS3/avb5 on HBEC cells. This analysis would be performed using flow cytometric analysis 
tt t 1 2 a^l conjugated to APC fluorescent dye for quantitation of vitroneetin binding to the cell. We w, 1 
T ^mine Ae ca^adty of the various RGD chelate molecules to alter binding of biotinylated or radiolabeled 
also exam me *f capaci^ w uw vano ^ d nQt wil | ^ cxpe cted to 

RGD °« Sr^evaSe S cecity of RGD chelates found to bind to avb3 to 

r° G TS 

u „ ,h ejected that the capacity to block vitronectin binding would correlate with affinity of RGD chelate 
TiSte obtoinedXe). These results would serve to further verily specificity and binding affinity 

TLy of combinatorial compounds to determine which spec.es w,ll bind by 
screening a horary o k~ constructs and extensive washing steps. 

antagonism of avb3 specific adhesion to vitronectin in vitro. 
up assay if needed). 

.. . ^ nOTi7fid Aa t the avb3 avb5 and a5bl do not function in a vacuum and are highly linked in terms of 

to bmd to one integrin without affecting the physiologic function of another In this rega^ it . > known 
of this binding on integrin function. 



26 



Principal Investigator: Garlich. Joseph R . 



Raclcup Literature based Assav-ln Vitro : T he ELISA-type in vitro testing for competitive binding of test ligands 
with cBj integrin is well established as are the methods to obtain the needed starting materials; vitronectin, o3j 
integrin, fibrinogen, and o^B, integrin" • 22 - 21< "- 4J ' 4J . Briefly, the solid-phase competitive displacement in vitro 
assay test comprises; 1 ) coating 96-well plates with c^Bj integrin receptor (or antBj integrin receptor to 
determine selectivity), 2) washing sequence including 1% BSA, 3) exposure to various concentrations of test 
compound containing biotinylated vitronectin (or biotinylated fibronectin)" for 2 hours, 4) washing sequence, 
and finally 5) detection of biotin present using reporter-labeled anti-biotin antibody. This testing will be 
performed on nonradioactive metal ion complexed with our newly synthesized compounds so that it can be 
performed in a medium-throughput mode at the Purdue Center for Combinatorial Chemical Biology. 



Specific Goals/Accomplishments Expected for Phase I Year 1 : 

1 Perform modeling of complexes (chelabodies) that will mimic neovasculature targeting peptiderreceptor 
binding interactions via substitution patterns on a DOTA-lanthanide complex scaffold. 

2 Several virtual libraries of complexes are assessed by molecular modeling of receptor fit to determine synthetic 
direction have been performed. . , 

3 Synthetic methodology has been developed to create macrocyclic chelator based libraries that are mimics for 
the c(RGDfV) binding ligand. 

4 Biological assessment screening protocols are developed to screen libraries, some libraries have been evaluated 
and some hits are identified. . 

5 Hits from biological screens are confirmed, identified and synthetic effort to optimize at least some of these hits 
has been initiated including follow-up focused libraries. 

6 Work has begun to evaluate the feasibility of making multivalent constructs. Some constructs will have been 
prepared. 

Specific Goals/Accomplishments Expected for Phase 1 Year 2: 

1 Leads from research plan stage A have been optimized and have been fully characterized in vitro and are ready 
for preclincial studies. 

2 Synthetic methodology has been developed for preparing multivalent constructs in research plan stage B. 

3 Multivalent construct libraries from research plan stage B have been prepared and hits optimized from in vitro 
bioassays to give the most potent compounds. 

Brief Glimpse into Phase II STTR: 

In vivo evaluation of the best in vitro active compounds will be the initial activity. The animal testing we will 
perform will follow those most recently published in the area of nuclear medicine". These animal results using 
human tumors implanted into immune-compromised mice will provide biolocalization data. We will not be 
measuring antitumor effects as the animals will be sacrificed to quanthate the tumor and normal tissue uptake. 
The use of animal pharmacokinetics will be valuable information to go back and make additional compounds 
based on what we learn in vivo (ie, too hydrophobic, too hydrophilic, clears too fast, to slow, sticks in kidney, 
etc.). In phase D we envision quick iterations of animal studies, resynthesis/remodeling, biotesting and then back 
to animals. The goal of phase II is to maximize tumor localization in several animal models and minimize 
nontarget localized radioactivity. Some efficacy studies in tumor bearing animals is envisioned also for phase U. 

E HUMAN SUBJECTS- NONE 
F VERTEBRATE ANIMAL-NONE 
G CONSULT ANTS-NONE 
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H CONTRACTUAL ARRANGEMENTS- Upon receiving funding for this STTR proposal the 
collaboration between CCT1 and Dn Mark Green of Purdue University to accomplish this research proposal will 
be formalized with a research contract. Likewise, the inclusion of Dr. Durden in the bioassay part of this 
collaboration (a major revision from first submission) will also be formalized with a research contract. Support 
letter to this effect are attached. Dr. Durden's inclusion allows the project to access his considerable expertise in 
vascular biology including avB 3 integrin signal transductions and angiogenests. 
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Joseph R. Garlich, PhJX 
ComChem Technologies, Inc. 
9731 Trilobi Drive 
Indianapolis, IN 46236 



SuWOLOrMfiOICDIE 



Rl£: Chelate Bnsed Scaffolds in Tumor Targeting (STTR FI-AIR Cirant) 



Dear Joe: 



1 am writing to confirm that I am interested and willing to be a hands-on 
collaborator with you and Dr. Mark Green of Purdue in your efforts to target 
novel chetate-based radiopharmaceutical to the Inlcgrin vasculature 
supporting new tumor growth. 

In Year one gBHA I am able to devote 8% or my time for a salary 
cost of $10,942, fringe benefits of $1,880, chemical/biochemical s/assay 
supplies of $1,272 for a total of $14,094. Indirect costs (49%) odd another 
$6,906 for a total in year 1 of $21,000. 

In Year iwoflHflife ' am able to devote 7% of my time for a salary 
cost of $9,574, fringe benefits of $1,645. chcmical/biochemicals/nssay 
supplies of $862 for a total of $12,081. Indirect costs (49%) add another 
$$,920 for a unal in year 2 of 518,001. 

I look forward to contributing my expertise in vascular biology, ongiogencsis, 
and inicgrifi signaling to helping develop the biological activity assessment 
associated with this project. 



Donald L Durden, M.D., Ph.D. 
Associate Professor Pediatrics. 
Biochemistry and Molecular Biology 
Indiana University Scliool of Medicine 
Indianapolis, IN 46202 



IIkemak H Wou torts 
wiimractowcfl 

jju*$tfliilconih Riley 
llrfipililforChildrvn 
Indiana Uuhasly 
Medical Cento 
Cancer itesnnJi Intitule 
1044 W. Walnut tocct 

Koom402 
Indianapolis, hrtnni 
46202-5225 

JI7-274-8900 
FaxSI7-274-fifi79 
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Purdue University 

® 



School of Pharmacy and 

PHARMACOL SCIENCES 



Joseph R. Garlich, Ph.D. 
President 

ComChem Technologies, Inc. 
9731 Triboli Drive 
Indianapolis, Indiana 46236 

RE: Chelate>Baaed Scaffolds in Tumor Targeting 

Dear Joe: 

I am writing to confirm that my group is most interested in collaborating in CamChenVa 
efforts to develop novel targeted chelate-based radiopharmaceuticals via application of 
combinatorial chemical techniques. Carla Mathias and I will be delighted to assist in your effortc 
te develop and evaluate radiopharmaceuticals targeted to tumor vasculature, as we have discussed 
and outlined in the accompanying subcontract proposal. 

Wc look forward to working with you and Dr. Durden on this most exciting initiative. 

Best regards, 



}^U~C+ 




Mark A. Green, Ph.D. 

Professor of Medicinal Chemistry 

MAC/ksk 




Division or nuclear Pharmacy • Department of Medicinal Chemistry and molscuwar Pmarmacolocv 
taas Hcins Pharmacy Buil©i«c ■ West Lafayette. IN 4T90T«ias3 
(7S5J 04*1441 • FAX: (768) 40A-14 1 * 
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Purdue University 




School op Pharmacy ano 
Pharmacal Sciences 



Center for Scientific Review 
National Institute of Health 
6701 Rockledge Drive 
Bethesda, Maryland 20892 

RE: National Institutes of Health Application entitled, "Chelate Based Scaffolds (Chetabody) in 
Tumor Targeting' U.K Garlkh, Ph.D., Principal Inveati eater. ComChem Technologies. Inc.) 



To Whom It May Concern: 

The appropriate programmatic and administrative personnel of each organization involved in the 
above-referenced application are aware of the PHS consortium grant policy and are prepared to 
establish the necessary inter-institutional agreement* consistent with that policy. We understand 
that the grantee institution has the specific responsibility for ensuring that all required 
assurances are obtained 

Sincerely, 

y^^Ar CrJk — 

Mark A Green, PLD. 
Professor of Medicinal Chemistry 



9« 




Diane TroyerJ 
Assistant DL 
Sponsored Program Services 




OIVI ION O* NUCWCAR PMAAMACV • DEPARTMENT OF MeWClMAL CMCMI0TRV a«0 MOVCCULAK P«aRM>COLOOT 

t333 WtiNC Pmarkact Building • west LArAvarrc, IN 47007-1333 

(7C3) 4*4-1441 « WAX: (705) 494-14 t 4 



Page 32 



SUBCONTRACT TO INDIANA UNIVESSHffpa] Investigator: Garlich, Bsdpfo&Joseph R. 
STATEMENT OF INTENT TO ESTABLI SH ft CONSORTIUM AGREEMENT 



Date: 



Grant Number: 



n/a 



Application Title: Chelate-based scaffolds (Chelabody) in tumor targeting 
Proposed Project Period: flHHI^P 

The appropriate programmatic and administrative personnel of each institution involved in this 
grant application are aware of the NIH consortium grants policy and will establish the necessary 
inter-institutional agreement(s) consistent with that policy. 

-Further. (1) the prospective lower tier participant certifies, by submission of this proposal, that 
neither it nor its principals are presently debarred, suspended, proposed for debarment 
declared ineligible, or voluntarily excluded from participation in this transaction by any Federal 
department or agency, and (2) where the prospective lower tier participant is unable to certify to 
any of the statements in this certification, such prospective participant shall attach an 
explanation to this proposal " 



ComChem Technologies. Inc. Indiana University 



Applicant Institution 



Consortium Institution 





Official Authorized to Sign for Institution 
Mark L Brenner, Phi). 
Vice Chancellor for Research and 
and Graduate Education 
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Garlich Joseph R. 



Checklist 



TYPE OF APPLICATION (Check appropriate box[es).) 
□ |^ application. fTWse^ 



PH REVISION of previously-subrn^ 

(This application replaces a priof unfunded version of a new application) 

PI CHANGE of Principal Investigator appScabla) 

Name of tamer Principal Investigator 



1, ASSURANCES/CERTIFICATIONS 



The assurances/certifications set forth below are made and verified by 
the signature of the OFFICIAL SIGNING FOR APPLICANT ORGANI- 
ZATION (smaf business concern) on the FACE PAGE of the appfica- 
tion. Descriptions of individual assurances/certification* are found in 
application Instructions under "Checklist- W unabta to certify compG- 
ance wth any item, provide an explanation and place it after this page. 



• Human Subjects; • Vertebrate Animals; • Debarment and Suspen- 
sion; • Drug-Free Workplace; • DeHnquer* Federal Dec* • Research 
Misconduct • CrVi Rights (Form HHS 690); • Handicapped Indwsfciab 
CForm HHS 690); • Age Obcnmtnatton (Form HHS 690). 



2. PROGRAM INCOME (See cfsois^ in apc^c^ 



AS applications must Indicate (Yes or AtoJ whether program income is anticipated during the period tor which grant support to requested. 
Qno Q Yes (!fVes, m use the foematbetowto reflect the amount and sowx($) of anticipated program income.) 



Budget Period 



Anticipated Amount 



Source(s) 



3, INDIRECT COSTS (See discussion in appBcation instructions under XhecMUst') 



Insert the rate, if known, tf the applicant organization does not have a 
currently negotiated rate wflh the Department of Health and Human 
Services (DHHS) or another Federal ae^rcy.trnust estimate to amount 
cf hdrect cos* aflocabte (apptofate) to the proposed Phase I project 
That amount should be inserted in the space provided below. The 



applicant organization should also be prepared to furnish financial 
documentation to support the estimated amount, if requested by the 
Pubfc Heafth Service. An applicant organization may elect to waive 
indirect costs (fit so desires. 



| J OHHS agreement, dated: _ - 

[""I No OHHS agreement, but rate estabfished with . 

(""] Rate negorJauon pending with the National Institutes of Health. 
□ Indirect costs alocable (applicable) to this Phase I * 
[3 No indirect costs requested. 



. % salary and wages or . 



% Total Direct Costs. 



4. SMOKE-FREE WORKPLACE 



Ooes your organization 

Qj] yes Q No (The response to this question has no imped on the review or funoSng of this appBcation.} 
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DISCLOSURE DOCUMENT NO. 



TNO. J 



Document Disclosure Program 
Box DD 

Assistant Commissioner for Patents 
Washington, DC 20231 

The undersigned, being the inventor of the disclosed invention, requests that 
the enclosed papers be accepted under the Disclosure document Program, and 
that they be preserved for a period of two years. 

Enclosed is a Check for $10.00 to cover this submission. Thank you for your 
help. 
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Principal Investigator: Carlich, Joseph R. 

AgroSciences and has experience in all aspects of combinatorial chemistry-automation, solid-phase and solution 
phase synthesis, analytical instruments and methodology. 

Co-Investigator, Professor Mark A. Green has a background in inorganic chemistry and 18 yejrs of productive 
research experience in the design, synthesis, and evaluation of new metal-based radiopharmaceuticals. His group 
is internationally recognized for their efforts in development and pre-clinical testing of low-molecular-weight 
copper radiopharmaceuticals for imaging with positron emission tomography. For tumor imaging, his group has 
also pioneered efforts in tumor targeting with low molecular weight folate-chelate conjugates that target a tumor- 
cell-membrane-associated receptor for folic acid. In addition, they have developed and evaluated an extensive 
series of monocationic gallium radiopharmaceuticals that are substrates for transport by the MDR1 P- 
glycoprotein involved in tumor multidrug resistance. 

Project Coordinator; Carta J. Mathias brings a background in zoology and chemistry to this project, along 
with 21 years experience in the design, synthesis, pre-clinical testing, and clinical evaluation of new 
radiopharmaceuticals. She is experienced in techniques of radiochemical synthesis and analysis, as well as the 
development and application of animal models for assessment of new radiopharmaceuticals. Her experience 
includes synthetic, animal, and human studies related to the evaluation of radiolabeled platelets and white cells, 
radiolabeled antibodies, 18F-labeled estrogen receptor ligands for imaging breast tumors with PET, generator- 
based PET perfusion tracers, and low molecular weight radiopharmaceuticals targeted to tumor-associated 

receptor systems. ... 

C militants; Dr. ODonnell pioneered the area of unnatural peptide synthesis which serve as key intermediates 
in the synthetic aims of this proposal. His interaction will be extremely valuable in achieving the synthetic goals. 
Dr. Durden, MD, Ph.D. has extensive experience and expertise in vascular biology and integrins. He is an expert 
in signaling' transduction and has much valuable experience in biochemical assays in this area. 

D RESEARCH PLAN: 

Experimental Plan Stage A & B Rationale and Introduction 
Given the drawbacks and approaches described above in the Background section it would be desirable to 
treat cancers that are highly expressing OyB, integral by a small nonpeptide molecule that 1) possesses a built-in 
chelating agent complexed with a therapeutic radioactive metal ion in a stable fashion and 2) the resulting 
nonpeptide metal-ligand molecule possesses a high affinity and selectivity to the OyBj integrin. We propose to 
achieve this with conservation of atoms by using the chelating agent moiety itself as the template upon which to 
place the OvB 3 integrin binding moieties in a spatial arrangement that mimics the well known 0^3 integrin 
antagonist c(RDGfV). The synthesis involved in this approach is detailed in Stage A below. Expanding on this 
approach is our proposed design to use the chelating agent as the platform from which to tether multiple copies of 
a selective OvB 3 integrin-binding moiety such as c(RDGfV). This multivalent approach (Stage B), a relatively 
new concept and not yet applied to integrin binders, will be approached combinatorially to find the optimum 
distances between the multiple copies of the binding moiety and to study the effect of different spacing groups on 
the binding of the resulting construct with integrins. The astute reader will recognize after examining the generic 
schemes that there is some crossover from Stage B into Stage A in that some of the members of Stage A can 
contain multiple copies of presented binding moieties. Tbis is not an intent to confuse the reader but reflects the 
great flexibility built into the synthetic approaches. J} 

Synthesized molecules that mimic the binding of monoclonal antibodies are called chemobodies . We have 
coined the term "chelabodies" to describe chelates (metal-ligand complexes) that mimic the binding of 
monoclonal antibodies. Thus, chelabodies represent a subset of chemobodies wherein the chelate is a critical 
design feature that causes arrangement of the binding motifs in the appropriate spatial arrangement to give 
antibody-like multivalent binding. Compounds described in both Stage A and Stage B fit into this new category 
of chelabodies. 

Research Plan Stage A: Preparation of RDG M imics Based Upon Macrocvclic Complexes (Chelabodies) 
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The chelating agent DOTA, 4 (l^^rlO-tetraazacycIododecane-tetraacetic acid), is well know to form 
kinetically inert complexes with the lanthanides 2 * and the resulting complexes are considered conformational^ 
ridgid* The resulting complexes are overall negatively charged at physiological pH when complexed with a 
trivalent metal ion. The attractiveness of a complex utilizing lanthanides as the metal ion is attributable to the 
variety of radioactive lanthanides in use in nuclear medicine ( l53 Sm*\ 9 V\ ,w Ho +3 ) with differing half-lives and 
beta-particle energies. The lanthanides tend to be quite similar in their complexation chemistry so that the design 
of one system may allow the use of any one of several therapeutic radioactive lanthanide metal ions (ie thus more 
flexibility in choosing the proper radioisotope based upon biological half-life). It should be noted that the 
Principal Investigator has extensive experience (synthesis, complexation, and radiochemistry expertise) with 
lanthanides and macrocyclic chelating systems that has led to one commercial drug (Quadramet) and one drug in 
Phase m clincal trials (STR being evaluated by NeoRx Corporation). Another attractive feature of the DOTA 
chelator system is its widespread use in clinical MRI imaging agents and Afunctional chelating agents for 
attaching radioactive lanthanides to monoclonal antibodies for use in humans. 

An inspection of molecular models of DOTA complexes indicates that DOTA is similar in size to the 
peptide ring ctyBj integral antagonist c(RDG(V)- This led us to the idea that suitable c(RDGfV) mimics could be 
prepared by judicious substitution patterns on the DOTA backbone. For example, molecular modeling indicates 
that structure 5 (DOTA-RXG)when complexed with Y* 3 would place the guanidine and carboxytic acid in a 
similar spatiafarrangement as that found for the guanidine of the arginine and the carboxylate of the as^artic acid 
residues in cCRDGfV) 29 . Likewise, from modeling estimates structure 5A (upon complexation with Y* ) appears 
to also satisfy the spatial requirements of the binding moieties of c(RDGfV) 29 . Stucture 5 represents a single arm 
attachment and structure 5A represents adjacent chelating arm modifications. It should be noted that modeling 
indicates that similar achievement of a c(RDGfV mimic using modifications of acetate arms that are not adjacent 
would be difficult unless extremely large and conformationally floppy spacer groups are used. Thus our effort 
will be focused initially on 5 and 5A and their analogs. 

Figure 2. Comparison of DOTA with two proposed c(RDGfV) mimics based on DOTA modifications. 

COOH NH fl H 

^COOH 3& ^COOH 

DOTA OOTAWCG 

4 5 

There are numerous other possible substitutions on the acetate arm besides those shown in 5 and SA which 
could restrict rotation even further to provide additional preorganization to mimic c(RDGtV). Additionally mere 
are many additional groups that can serve as carboxylate mimics and guanidine mimics. Our plan is to prepare a 
library of compounds similar to 5, guided by molecular modeling, via the solid-phase combinatorial chemistry 
route proposed in Figure 3. . . 

In Figure 3 the circled P represents the solid phase resin, Wang resin in this case. However, the use of Rink 
amide resin is also to be evaluated which would give a DOTA-based chelator wherein one of the chelating 
acetate arms is a -CH2C(0)NH2 group upon cleavage from the resin. These types of chelators are known and 
while they are not as stable as DOTA they are stable enough for in vivo use 29 . An additional advantage of this 
monoamide from Rink amide resin would be that the resulting complex with trivalent lanthanides would give a 
neutral complex core molecule. This could have important in vivo biodistribution effects which will be studied. 

The synthetic scheme (Figure 3) to prepare these molecules illustrates two pathways to get to the same 
desired substituted DOTA chelator, 17. Both pathways will be examined and each will require significant 
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optimization work. These efforts would represent die first on-resin synthesis of the medically important 
tetraazacyclododecane ring system. We thus feel that this work, even if ultimately unsuccessful in the biological 
evaluation, will be a welcome and exciting combinatorial chemistry methodology advance in the area of chelation 
based inorganic medicinal chemistry. By using R2=R3=H the synthesis as shown in Figure 3 simplifies to only 
one chelator arm substituted with two moieties. The stereochemistry is not shown in Figure 3 but the use of the 
proper enantiomer of 12, which we plan to isolate and obtain in each instance, will deliver the desired 
stereoisomer as shown in structure 5. 

Figure 3. Proposed solid-phase synthesis of 5 (R2=R3=H; R4=CH 2 COOH; 
R5= CH 2 CH 2 -p(Ph)-NH(C=NH)NH2) as a single member of a combinatorial library. 




The key building unit to get to structures like 5 via the route shown in Figure 3 is a chiral unnatural amino 
acid derivative. A diverse collection of these disubstituted glycine derivatives can be prepared in solution phase 
or solid phase by the UPS (unnatural peptide synthesis) route pioneered by ODonnell who is serving as a 
consultant on this proposal 31,32 . This procedure is shown in Figure 4 and lends itself to automation 33 . It is 
anticipated that the different enantiomers resulting in Figure 4 will be separated using chiral chromatography. 
There are methods to perform the chemistry in Figure 4 wherein either R4 or R5 is hydrogen with significant 
stereoselectivity (80-90% ee) but our criteria for purity (>95%) requires that we perform a chiral separation at 
this stage. This will be performed using HPLC methodology. 

Figure 4. Proposed preparation of chiral aminoesters for use in combinatorial synthesis(Figure 3). 

18 12 NMP NMP "sVV 

With the inputs 12 (and 14 which can be the same or different from 12, derived from the same chemistiy) in 
hand then the library production protocol based on structure 5 can be developed. Because of the way the 
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synthesis is developed it is possible to make an analog of 5 where each of the three acetate arms contain one copy 
of the RDG mimic structure by making 12 and 14 the same aminoester. This trivalent species, by benefit of 
compact presentation of three copies of the RDG mimic strucure, could possess some interesting properties. 
There is more discussion later regarding this multivalent approach in the research plan stage 2 discussions. 

In order to access desired target molecules such as 5A a different synthesis route is needed since two 
identical molecules of aminoester are incorporated in either pathway A or pathway B in Figure 3. This 
uncontrollable dual incorporation precludes introducing the needed stereochemistry at both sites, i.e. only one 
acetate substitution pattern will have the correct configuration. To address the desired access to molecules like 
5A and to give complete control over the stereochemistry of all 6 substituents on the chelating acetate arras the 
^thetic protocol shown in Figure 5 will be evaluated. The amino alcohols 9,23, and 26 will be prepared from 
the corresponding unnatural amino esters prepared by the method shown in Figure 2 and purified to get the single 
isomer. The preparation of these aminoalcohols could make use of resin bound ethylene glycol wherein the 
amine of the amino ester (such as 12) displaces the activated non-resin bound hydroxy! of the ethylene glycol. 
The PG (protecting group) on the nitrogen of Figure 5 will be determined after some preliminary work is 



Figure 5. Strategy to achieve stereochemical control at each chiral acetate arm position such as 5A. 
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performed to ensure othogonal stability but likely will be a group such as FMOC, NOSYL, or trifluoracetamide. 

These proposed chelator scaffolds (chelabodies) addresses all of the shortcomings described previously for a 
tumor neovasculature seeking agent The positive attributes for mis system are 1) nonpeptide in nature so not 
prone to metabolism; 2) incorporates a kinetically inert lanthanide complex which allows for a potential range of 
radioisotopes having varied particle energies and half-lives and yet produced commercially (Sm-153, Ho-166, 
and Lu-1 77); 3) rigid backbone (cyclododecane ring system locked into place upon chelation) upon which to 
place appropriately spaced recognition/binding groups; 4) the complex containing the toxiphore (radioactive 
metal ion) is part of the core rigidifying structure so no additional conjugation chemistry is required, i.e. the 
compound from screening will not need to be further modified to label with a radioactive isotope; 
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Research Plan Stage B: 



p„ ra „tinn of Extended Multivalent RDG Mimics Based U oon Macrocvclic Complexes (Chelabodies) 
Monoclonal antibodies are known for their exquisite selectivity and high binding affinity. These attributes 
arise in part because antibodies are divalent and in some cases multivalent in their binding with proteins or 
receptor surfaces. Nature has used multivalent binding to overcome weak binder in order to make strong 
attachments 15 . Multivalency, simultaneous attachment of two or more binding sites on one molecule (drug) to 
multiple receptor sites on another (cell surface), is a new approach to drug design according to George M 
Whitesides of Harvard University 35,36 . This multivalent approach has not yet been applied to ligands aimed at 
binding the integrins although Burgess has disclosed a cyclic sequence, c(RDGRGD), that could be considered a 
dimer of RDG 37 . Surprisingly this ligand possessed excellent selectivity and antagonistic activity towards aA 

mte6 Tnis area of multivalent drug design is where the term "chemobody" has been coined to describe synthesized 
molecules that mimic the binding of monoclonal antibodies 35 . We are proposing the term "chelabodies" to 
describe chelates (metal-ligand complexes) that mimic the binding of monoclonal antibodies. Thus, chelabodies 
represent a subset of chemobodies wherein the chelate is a critical design feature that causes arrangement of the 
binding motifs in the appropriate spatial arrangement to give antibody-like multivalent binding- 
Research plan stage B comprises the design and evaluation of multivalent presentations of OvBi integrin 
antagonists based on the DOTA template. This is illustrated conceptually in Figure 6 where either four 
substitutions are made on the chelating arms (30) or situated around the macrocyclic ring (31). We have also 
considered the possibility of a mixed species where some substitution is on the acetate arms and some is on the 
backbone carbons but no compelling reason exists to pursue this approach over the other two described here in 
more detail. Given the resource available in this proposal we will put our effort in the arm substituted system 
(30) since that approach takes advantage of the chemistry worked out in research plan A. The focus of this 
proposal is for the R groups to contain, preferably at their terminus, a moiety that is an OyBj integrin 

Figure 6. Conceptual design of Chelabodies Based on DOTA-type Chelating Agents Presenting a 
Tetravalent Binding Arrangement Aimed at OvB 3 Integrin Antagonism. 
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antagonist. The ideal terminal group would be one that induces internalization of the bound ligand into the cell 
and compounds will be tested, for this property (see biological assay section). In order to prove the concept 
involved here we first will use known antagonists at the terminal binding positions. For example the known 
antagonist c(RDGfK) (32) has been described and is amenable to capping off the "R" arms to provide Mutable 
multivalent antagonist construct. This compound will either be synthesized in-house or custom prepared for 
CCTI outside of the budget requested here. The linker/spacer arms can be similar to those described in the 
literature for multivalent constructs, some of which are illustrated in Figure 7. One basic linker arms idea is to 
react carboxylic anhydrides with a nucleophile such as nitrogen on the arm stub and then couple a diamine witn 
the resulting free carboxylic acid. This procedure is amenable to solid-phase synthesis to prepare arms that are 
all the same 3 *- 39 Applying this strategy to the compounds of Figure 4 and Figure 5 requires only that some oi tne 
substituents (R2, R3, R4, R5, R6, R7) on the arm building blocks (9, 12 ,14, 16, 23, 26) contain a masked 
electrophile (to react with amines for example) or nucleophile (to couple with carboxylic acids for example) mat 
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can be dcprotected and then elaborated into a linke/spacer module for endcapping with antagonists such as 32. 
This approach would work via the chemistry outlined in Figures 4 and 5 to give essentially trivalent constructs 
(i e one per each substituted chelator arm). There is no convenient method to get to a fully symmetrical 
tetravalent system using solid phase methodology so solution phase methods will be examined. It is apparent that 
there are a large number of possible constructs that could be prepared varying the nature and length of the arms. 

Figure 7. Proposed Endcap Moiety for Integra Antagonist in a Multivalent 
Construct and Examples of Linker/spacer Modules. 
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Our approach is to prepare a combinatorial library of such constructs and to assess their biological binding and 
performance {in vitro binding and whole cell assays) to determine if improvements in tumor cell localization are 
possible. 

Research Plan B iological Evaluations: 
Assav-ln Vitro: T he ELISA-type in vitro testing for competitive binding of test ligands with a& integnn is well 
established as are the methods to obtain the needed starting materials; vitronectin, ct3i integrin, firbrinogen, and 
OaB, integrin"- 22 - 17 - 41 -* 41 . The procurement of some of these will be at CCTTs cost outside of the budget 
proposed in this application. Briefly, the solid-phase competitive displacement in vitro assay test comprises; 1) 
coating 96-well plates with OvB, integrin receptor (or o^, integrin receptor to determine selectivity), 2) washing 
sequence including 1% BSA, 3) exposure to various concentrations of test compound containing biotmylated 
vitronectin (or biotmylated fibronectin)" for 2 hours, 4) washing sequence, and finally 5) detection of biotin 
present using reporter-labeled anti-biotin antibody. This testing will be performed on nonradioactive metal ton 
complexed with our newly synthesized compounds so that it can be performed in a medium-throughput mode at 
the Purdue Center for Combinatorial Chemical Biology. 

A«av- Tn Vitro Whole Cell Internalization Studies: A recent method has been described to determine 
internalization of integrins which are thought to occur via endocytosis 44 . Our approach will not necessarily 
measure internalization (which requires anti-ligand antibodies) but will expose integrin expressing cells to our 
synthesized ligands and then determine the degree of binding by aggressive exposure to competitive ligand and 
various washes. Since all of our molecules chelate radioactive metal ions these radioactive metal complexes will 
be easily determined to be either cell associated, or easily removed. The ultimate location of our ligands is less 
important than ensuring that the antagonists stay bound to the cell surface so that in vivo they are able to deliver 

the desired radiation dose. ... •„ _r «^ 

Animal Studies: In vivo evaluation of the best in vitro active compounds. The animal testing we will perform 
will follow those most recently published in the area of nuclear medicine". These animal results using human 
tumors implanted into immune-compromised mice will provide biolocalization data. We will not be measuring 
antitumor effects as the animals will be sacrificed to quantitate the tumor and normal tissue uptake. The tumors 
and cell line we will be using is the melanoma line WM164 available from ATTC. 
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Specific Goals/Accomplishments Expected for Phase 1 Year 1: 

1 Perform modeling of complexes (chelabodies) that will mimic neovasculature targeting peptide-receptor 
binding interactions via substitution patterns on a DOTA-lanthanide complex scaffold.. 

2 Several virtual libraries of complexes are assessed by molecular modeling of receptor fit to determine synthetic 
direction have been performed. 

3 Synthetic methodology has been developed to create macrocyclic chelator based libraries that are mimics for 
the c(RDGfV) binding ligand. 

4 Binding assays are developed to screen libraries, seme libraries have been evaluated and some hits are 
identified. Also, a whole cell binding assay has been evaluated and implemented. 

5 Hits from biological screens are confirmed, identified and synthetic effort to optimize at least some of these hits 
has been initiated. 

6 Confirmed hits from biological screens have been evaluated in tumor bearing mice. 

7 Work has begun to evaluate the feasibility of making multivalent constructs. Some constructs will have been 
prepared. 

Specific Goals/Accomplishments Expected for Phase 1 Year 2: 

1 Optimized leads from research plan stage A have been evaluated in vitro and in vivo and are ready for 
preclincial studies. 

2 Synthetic methodology has been developed for preparing multivalent constructs in research plan stage B. 

3 Multivalent construct libraries from research plan stage B have been prepared and hits optimized from in vitro 
and in vivo testing to give maximum tumor localization of radiometal isotope. 

E HUMAN SUBJECTS- NONE 

F VERTEBRATE ANIMALS 

1. Athymic mice (-135 per year) will be required for screening each new radiopharmaceutical (that 
shows promise in in vitro studies) to determine the agent's tumor localization in vivo. We plan to screen and 
evaluate 15 new radiotracers in vivo per year, using nine animals per compound. The tumor-bearing athymic 
mice are required for assessment of radiotracer distribution and pharmacokinetics, plus demonstrating that the 
tumor uptake of tracer is mediated by binding to the cxvfr receptor. In this project we will conduct cell culture 
studies as a preliminary screen of tracer affinity for the (Xyft receptor, to insure that biological data is only 
collected from animals in cases where there is a good probability of targeting tumor-vasculature-associated 
receptors, thereby minimizing animal usage as well as experimental expense. The athymic mice will be implanted 
with human tumor cells (WM164 human melanoma available from ATCC) using standard aseptic techniques, and 
housed under aseptic conditions until tumor growth is evident The mice will then be used for biodistribution 
studies designed to determine the tissue distribution and pharmacokinetics of the test tracers. The 
radiopharmaceutical will be administered intravenously via the exposed femoral vein (to allow visual verification 
that the dose is completely delivered into the vein) with the animal under diethyl ether anesthesia. Tissues that 
will be sampled for quantification of radiopharmaceutical uptake include the tumors, blood, heart, lungs, liver, 
spleen, kidneys, stomach and intestines, muscle, fat, and brain. For each tracer, data will typically be collected at 
2 and 24 hours post-injection, examining 3 animals per time point. An additional 3 animals will be examined at 
one of these time points after co-administration of the radiotracer with an excess of a known high-affinity ayfo 
ligand, in order to demonstrate the expected competitive blocking of radiopharmaceutical uptake in tumor. This 
blocking study will also implicitly provide a measure of the level of non-specific radiotracer uptake in tumor. If 
it appears likely to assist in interpretation of the resulting mouse data, biodistribution data will also be collected 
for "Cu-PTSM and ,8 F-FDG in the mouse tumor model(s), allowing direct assessment of the rate of tumor 
perfusion, and rate of metabolism, respectively. The athymic mouse has been chosen as our primary animal tumor 
model since it can serve as a host for a variety of human tumor cell lines, and is easy to handle and maintain. 

2. The use of animal models for screening potential new radiopharmaceuticals is essential to the 
development of improved diagnostic imaging agents for use in clinical nuclear medicine. The athymic mouse is 
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